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PREFACE 


Some  three  years  ago  we  were  engaged  in  a  scientific 
inquiry  as  to  the  composition  of  certain  fluids  used  as 
writing  ink.  As  this  work  led  us  beyond  the  limits 
anticipated,  and  to  the  making  of  many  experiments  not 
actually  required  at  the  time,  and  as  there  is  need  for  a 
volume  dealing  adequately  with  the  subject,  we  thought 
it  advisable  to  embody  the  results  in  book  form.  We 
found,  it  is  true,  a  few  small  books  on  ink  and  many 
allusions  to  ink-making  in  old  volumes  and  isolated  papers 
in  scientific  journals  ;  but  it  seemed  to  us  that  the  matter 
required  more  comprehensive  treatment,  and  the  pre- 
sent work  may  be  regarded  as  an  attempt  to  supply  that 
want. 

As  far  as  time  permitted  we  have  tested  the  various 
formula  quoted,  but,  as  may  be  seen  by  reference  to  the 
patent  list  at  the  end  of  the  book,  there  are  so  many  cases 
of  slight  variations  in  composition  that  we  have  often 
contented  ourselves  with  a  record  of  the  statements  put 
forward. 

We  have  pleasure  in  tendering  our  best  thanks  to  those 
who  have  assisted  us  in  our  work. 

To  Mr.  B.  M.  Frideaux,  in  particular,  we  are  indebted 
for  the  excellent  drawings  of  the  various  galls  (pp.  37-46), 
the  details  of  which  could  not  have  been  nearly  so  w^H 
shown  by  photography. 

Messrs.  Newman  and  Co.,  of  Soho  Square,  were  good 
enough  to  afford  us  much  information  with  regard  to  sepia 
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preparations,  and  to  supply  us  with  dried  specimens,  &c., 
for  analysis. 

The  photographs  of  fossil  cephalopoda  were  taken  by 
us  at  the  Geological  Museum,  Jermyn  Street,  by  the 
courtesy  of  the  Curator. 

To  the  authorities  at  Kew  we  are  indebted  for  permis- 
sion to  photograph  in  the  Museum  and  in  the  Herbarium. 

The  Badische  Company  kindly  supplied  us  with  specimens 
of  aniline  dye-stuffs  and  much  valuable  information 
regarding  them. 

We  have  also  to  thank  Messrs.  Keller  mid  Co.,  who 
have  kindly  allowed  us  to  use  certain  blocks  illustrative 
of  printing-ink  machinery,  and  have  sent  us  samples  of 
various  permanent  colours. 

Lastly,  our  thanks  are  due  to  Messrs.  Madderton 
and  Co.,  of  Loughton,  for  specimens  of  permanent  pre- 
parations made  by  them. 

C.  A.  M. 
T.  C.  H. 

Gray's  Inn,  London  W.C 
August  1904. 
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HISTORICAL  INTRODUCTION. 


Contents.— Ancient  Eg-vi)t  — Old  papyri— Progress  of  writinof 
— Herculaneuin  fragineats — Carbon  inks — Iron  gall  inks — The 
Lindisfarne  Gospels — Transition  from  carbon  to  gall  inks  — 
Domestic  ink-mnking — Scientific  experiments — Unoxidised  gall 
inks— Aniline  inks — German  regulations — Other  inks. 


Ancient  Egypt. — The  earliest  use  of  a  liquid  which  can 
be  described  as  "ink"  is  found  in  those  documents  on 
papyrus  which  have  been  among  the  archaeological 
treasures  of  Egypt.  Although  the  history  of  Egypt  has 
been  traced  back  for  a  period  of  more  than  four  thousand 
years,  and  papyrus  was  employed  as  a  writing  material 
there  from  very  remote  times,  the  oldest  specimen  of  the 
material  extant  is  a  roll  which  dates  from  B.C.  2500.*  This 
possibly  refers  to  the  oldest  specimen  which  bears  decipher- 
able characters,  for  Professor  Flinders  Petric  has  found 
fragments  of  papjai  which  date  from  a  thousand  years 
earlier.f  As  Egypt  is  still  the  subject  of  exploration,  and 
as  perishable  articles  have  been  found  of  a  still  earlier  period 
than  that  last  mentioned,  we  may  reasonably  hope  that 
ink-written  records  may  some  day  come  to  light  which  will 
carry  back  the  historjr  of  the  country  to  a  more  remote 
time.  Professor  Flinders  Fetrie  found  in  one  tomb,  dating 
from  3500  I5.C.,  baskets,  a  coil  of  palm  rope,  wooden 
mallets,  and  chisels  left  behind  by  the  workmen,  together 
with  some  pieces  of  papyrus  which  were  almost  white ;  and 
he  attributes  the  excellent  condition  of  these  things  to  the 
preservative  nature  of  the  clean  dry  sand  in  which  they 
had  been  buried  for  so  many  centuries.! 

*  British  Miisenin  Guide,  1896,  p.  312. 
t  .J(ii(ni((l  (if  the  ('(oiiera  Chih,^o\.  1807. 
X  Ihid. 
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INKS  AND  THEIR  MANUFACTURE 


Old  Papyri. — In  Case  A  (Greek  Papyri),  British  Museum, 
€an  be  seen  a  3iumber  of  specimens  dating  from  the  first 
century  of  the  Christian  era,  and  although  in  many  cases 
the  papyrus  is  merely  in  fragments,  the  ink  is  as  black  as 
it  was  the  day  that  it  was  applied.  The  lettering  in  many 
of  these  papyri  is  extremely  beautiful,  and  compares  very 
favourably  with  much  of  the  handwriting  that  some  of  us 
have  to  decipher  to-day.  And  it  would  seem  quite  clear 
from  an  examination  of  many  of  these  writings  that  the 
implement  employed  was  a  pen  and  not  a  brush.  The 
papyrus  in  some  instances  is  of  a  very  light  drab  colour, 
and  on  this  surface  the  old  writing  stands  out  with  startling 
distinctness ;  but  when  the  material  has  assumed  a  dark 
brown  or  yellow  tint,  the  writing  is  not  so  distinct,  although 
the  quality  of  the  ink  is  quite  as  good. 

That  papyrus  was  not  a  cheap  material  is  shown  by  a 
specimen  here,  labelled  "  Aristotle  on  the  Constitution  of 
Athens.  The  only  extant  MS.  of  the  work,  brought  from 
Egypt  in  1890.  Written  about  A. d.  ioo,  in  four  rolls,  in 
four  different  hands,  on  the  back  of  the  papyrus  which 
had  already  been  u?ed  [in  a.d.  78-79]  for  the  accompts  of 
a  farm-bailiff  named  Didymus,  near  Hermopolis." 

Another  specimen  of  great  interest  lies  close  to  the  one 
first  mentioned,  namely,  fragments  of  the  Theogonia  of 
Hesiod.  It  is  written  in  a  firm  and  large  hand  in  very 
black  ink,  and  the  label  tells  us  that  its  date  is  probably  the 
fourth  or  fifth  century,"  contemporary  with  the  early  MSS. 
on  vellum,  and  so  marking  the  transition  from  the  one 
material  to  the  other." 

Progress  of  Writing. — The  various  specimens  shown  in 
the  King's  Library  at  the  British  Museum,  in  Cases  A — E, 
are  designed  to  illustrate  the  progress  of  writing  from  the 
second  century  B.C.  to  the  fifteenth  century  of  our  era,  and 
at  the  same  time  they  afford  testimony  as  to  the  kind  of 
ink  employed  during  the  period  covered.  The  basis  of 
the  black  ink  used  on  papyrus  by  the  ancienfc  scribes  was 
undoubtedly  carbon,  a  substance  which  had  the  advantage 
of  being  easily  procurable,  while  at  the  same  time  it  was 
indestructible  except  by  fire.  It  was  probably  prepared  in 
the  form  of  vegetable  or  animal  charcoal,  and  was  mixed 
with  gum,  oil,  or  varnish.    Possibly,  for  the  finer  writing, 
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water,  with  gum  or  glue  as  a  binding  material,  was  the 
medium  mostly  employed,  for  it  would  flow  more  readily 
from  the  reed  pen  or  quill  used  by  the  writer. 

It  is  certain  that  the  art  of  writing  has  a  remote 
antiquity,  and  that  the  power  of  recording  thoughts  in 
this  way  marks  a  distinct  line  of  demarcation  between 
civilised  man  and  the  savage.  J"t  is  a  matter  of  interest  to 
consider  the  many  different  materials  which  have  been 
used  for  writing  upon  in  early  times  besides  papyrus.  Soft 
wood  cut  into  slices  and  planed  and  polished  was  used  in 
various  countries,  the  pen  being  a  metal  stylus,  which 
simply  scratched  or  indented  the  material.  Later  on,  the 
wood  tablet  with  a  thin  coatingof  wax  was  employed,  and  the 
writing  upon  it  in  the  case  of  ephemeral  memoranda  could 
be  quickly  effaced.  Bark  and  palm  leaves  were  also  used 
for  writings  of  a  temporary  character,  and  in  some  countries 
in  later  times  both  linen  and  silk  have  been  so  employed. 
The  Chinese  are  credited  with  the  invention  of  paper 
anterior  to  the  Christian  era,  a  statement  which  need  not 
excite  surprise  when  we  remember  that  they  anticipated 
Europe  in  the  invention  of  printing  by  nearly  a  thousand 
years.  We  may  assume  that  for  many  centuries  before 
this  the  art  of  writing  in  China  had  been  brought  to  some 
degree  of  perfection. 

Among  the  Roman  antiquities  found  in  Britain,  which 
are  now  deposited  at  the  British  Museum,  are  many  speci- 
mens of  the  stylus  in  ivory,  bronze,  &c.,  and  some  of  these 
are  armed  with  a  sharp  projection,  with  which  guiding  lines 
could  be  ruled  across  the  waxen  surface  of  the  tablets. 
The  reed  pen  was  commonly  used  for  writing  on  papyrus, 
and  the  steel  pen  was  foreshadowed  by  a  few  specimens  in 
bronze  found  in  Italy,  and  one  in  England.  This  last  is 
among  the  Romano-British  antiquities  in  the  British 
Museum.  It  consists  of  a  tubular  piece  of  bronze,  about 
five  inches  in  length,  which  has  at  one  end  a  split  nib,  while 
the  tube  is  gradually  reduced  in  size  towards  the  other 
extremity,  where  it  ends  in  a  solid  piece,  which  was  probably 
used  for  pressing  down  the  wax  in  order  to  efface  the 
writing. 

In  the  Media3val  Room  at  the  British  Museum  may  be 
found  many  specimens  of  writing  tablets,  some  dating 
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before  the  seventh  century,  of  great  rarity  and  therefore 
great  value.  Some  of  these  are  what  is  known  as  "  con- 
sular diptychs,"  so-called  because  these  folded  tablets  were 
at  one  time  sent  as  ceremonial  presents  by  the  Roman 
consuls  on  their  appointment  to  official  persons  or  to  friends. 
Many  of  these  tablets  are  of  ivory  and  are  beautifully 
carved,  and  the  slabs  or  plaques  are  sometimes  of  such  a 
size  that  the  tusks  procurable  at  the  time  they  were  made 
must  have  been  of  unusual  dimensions,  or  the  artificers 
had  some  means  of  bending  the  material,  the  secret  of 
which  is  now  lost. 

Herculaneum  Fragments. — In  1 82 1  Sir  Hit  mphrji  Da  nj 
read  a  paper  before  the  Royal  Institution,*  in  which  he 
described  a  number  of  experiments  that  he  made  with 
some  fragments  of  papyri  which  had  been  found  in  the 
ruins  of  Herculaneum.  Of  some  of  these  papyri  he  says  : 
"The  black  ones,  which  easily  unroll,  probably  remained 
in  a  moist  state  without  any  percolation  of  water;  and  the 
dense  ones,  containing  earthy  matter,  had  probably  been 
acted  upon  by  warm  water,  which  not  only  carried  into  the 
folds  earthy  matter  suspended  in  it,  but  likewise  dissolved 
the  starch  and  gluten  used  in  preparing  the  papyrus  and 
glue  of  the  ink,  and  distributed  them  through  the  sub- 
stance of  the  MSS." 

He  made  further  experiments  in  the  Museum  at  Naples. 
And  of  some  of  the  MSS.  he  says  :  "  These  I\ISS.  had  been 
so  penetrated  by  water  that  there  were  only  a  few  folds 
which  contained  words,  and  the  letters  were  generally 
erased,  and  the  charcoal  which  had  composed  them  was 
deposited  in  the  folds  of  the  MSS," 

He  makes  some  general  observations,  of  which  the  fol- 
lowing is  worth  noting : 

"  I  looked  in  vain  amongst  the  MSS.  and  on  the  animal 
{sic)  charcoal  surrouiidine  them  for  vestiges  of  letters  in 
oxide  of  iron  ;  and  it  would  seem  from  these  circumstances, 
as  well  as  from  the  omission  of  any  mention  of  such  a  sub- 
stance by  Plinji,  that  the  Romans,  up  to  his  period,^  never 
used  the  ink  of  galls  and  iron  for  writing:  and  it  is  very 
probable  that  the  adoption  of  this  ink,  and  the  use  of 
parchment,  took  place  at  the  same  time.  For  the  ink, 
*  Tnnix.  Eoij.  Sor.,  1821,  ii.  191. 
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composed  of  charcoal  aud  solution  of  glue,  can  scarcely 
be  made  to  adhere  to  skin  ;  whereas  the  free  acid  of 
the  chemical  ink  partly  dissolves  the  gelatine  of  the 
MSS.,  and  the  whole  substance  adheres  as  a  mordant; 
and  in  some  old  parchments,  the  ink  of  which  must 
have  contained  much  free  acid,  the  letters  have,  as  it 
were,  eaten  through  the  skin,  the  effect  being  always 
most  violent  on  the  side  of  the  parchment  containing  no 
animal  oil."* 

The  disintegration  of  the  papyrus  by  the  action  of 
water,  alluded  to  by  Sir  Hu  mphrji  Dai>u,\  will  be  readily 
understood  when  we  remember  that  this  ancient  writing 
material  was  made  of  thin  strips  cut  from  the  reed  and 
cemented  together.  The  strips  were  laid  side  by  side,  aud 
then  other  strips  were  laid  across  them  at  right  angles,  the 
whole  being  stuck  together  and  placed  under  pressure  so 
as  to  form  a  paper-like  sheet.  Papyrus  was  first  used  as  a 
single  sheet,  or  in  lengthy  documents  as  a  long  roll  of 
different  sheets  joined  together.  Later  on  papyrus  leaves 
were  bound  together  as  in  a  book.  At  a  very  early  period 
papyrus  was  imported  into  Greece  and  Italy.  It  continued 
to  be  tbe  chief  writing  material  in  Egypt  until  the  tenth 
century,  and  was  largely  used  in  Europe  after  vellum  had 
been  introduced. 

Carbon  Inks. — We  give  illustrations  (Figs,  i,  2,  and 
3)  of  various  writing  implements  dating  back  to  about 
1500  B.C.,  which  are  exhibited  in  the  Egjqjtian  department 
of  the  British  Museum.  The  titles  of  these  pictures 
sutficiently  explain  their  nature. 

Chinese,  or  Indian  ink,  as  it  is  commonly  called  in  this 
country,  was  made  at  a  very  early  period,  according  to 
(Jhinese  historians  as  far  back  as  between  B.C.  2697  aud 
2597,  the  inventor  being  one  Ticn-Tclteu.  Full  particulars 
of  the  way  it  is  manufactured  are  given  in  a  subsequent 
chapter.  Its  base,  like  that  of  early  Egyptian  and  other 
inks,  is  carbon. 

*  Tram,  lioij.  Sar.,  1821.  ii.  191. 

t  Several  illustrations  are  attached  to  Sir  H.  Davy's  paper,  mostly 
showing  fragments  of  papyrus  witli  writing  upon  them.  Fig.  i  shows 
am  ink  pot,  a  reed  pen,  and  a  roll  of  papyrus,  and  Fig.  2  a  box  contain- 
i  ng  rolls  of  papyrus. 


Fig'.  2. — Egyptian  slaTi  and  nuiller. 


Fig.  3. — Egyptian  wax  tablet. 
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Bioscorides*  physician  to  Antony  and  Cleopatra  (B.C. 
40-30),  in  a  dissertation  on  the  medicinal  use  of  herbs, 
gives  the  proportion  of  lamp-black  and  oil  to  be  nsed  in 
the  manufacture  of  ink  [atramaitum). 

Vit7-uvius,-f  the  Roman  engineer  and  architect  (B.C.  30- 
A.D.  14),  describes  a  method  of  preparing  ink  for  mnral 
decoration  :  soot  from  pitch-pine  being  collected  from  the 
walls  of  a  specially  constructed  chamber,  mixed  with  gum 
(glittinum),  and  dried  in  the  sun. 

FUnyl  (a.d.  23-79)  mentions  that  writing  can  be  readily 
sponged  out,  and  also  speaks  of  the  different  varieties  of 
ink  in  use  in  his  timo.  § 

Martial\\  (a.d.  100)  sends  a  sponge  with  his  newly 
written  book  of  poems,  so  that  the  writing  could  be  effaced 
if  the  composition  did  not  merit  approval. 

It  is  clear  from  these  last  two  references  that  an  oil- 
carbon  ink  cannot  be  meant,  for  it  would  be  impossible  of 
removal  with  water.  Either  a  preparation  of  lamp-black 
and  gum  must  be  referred  to,  or  possibly  an  ink  made 
from  sepia.  Pcrsius%  (a.d.  34-62)  refers  to  ink  becoming 
too  thick  and  too  pale  on  adding  water,  and  uses  the  word 
'*  sepia."  Cicero,  a  century  earlier,  refers  to  the  use  of  this 
natural  ink. 

Many  other  natural  inks,  but  of  vegetable  origin,  have 
been  used  for  writing  and  marking  in  various  parts  of  the 
world.    All  are  fully  described  later  on. 

Iron  Gall  Inks. — The  monk  Theophilus**  who  wrote  an 
encyclopaedia  of  Christian  art  in  the  eleventh  century, 
describes,  among  other  things,  a  method  of  preparing 
writing  ink  from  thorn  wood.  An  aqueous  extract  of  the 
wood  was  eva])orated  to  dryness  and  the  powder  mixed 
with  green  vitriol.  This  is  the  earliest  reference  which 
we  have  been  able  to  find  to  an  iron-tannin  ink. 

A  treatise  was  published  in  Paris  in  1393,  under  the 
title  of  Menagier  de  Paris,  in  which  a  method  of  preparing 
an  iron  ink  with  galls  was  described. 

*  Folio  edition.  1598.  in  Greek  and  Latin. 

t  De  ArchitectKni,  lib.  vii.  10.  %  Xaf.  Ifff.  xxvii.  §  52. 

Ihid.  XXXV.  §  41.  II  iv.  10.  1  Su fires,  iii.  13. 

**  Theophilns,  DlrcrsarKiii  Arthtin  Sr/irdi/h/,  lib.  i.  chap.  xl.  p.  48, 
Hendrie's  translatior. 
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Werher,  fi  doctor  of  medicine  of  Basle,  iu  1612*  de- 
scribes the  preparation  of  au  indelible  ink  compounded  of 
lamp-black  and  linseed  oil.  He  also  alludes  to  coloured 
inks,  and  in  particular  to  sympathetic  inks. 

Peter  Oanneparius,  professor  of  medicine  at  Venice, 
wrote  on  inks,  De  Atramentis,  &c.  ;t  and  described  the 
composition  of  various  sorts  of  ink.  Black  ink  is  referred 
to  as  being  made  from  galls  and  vitriol,  while  coloured  inks 
are  procured  from  gums,  woods,  the  juices  of  plants,  &c. 

Sir  B.  Mmiiide  Thompson  remarks^ 'that  ink  differs  in 
tint  at  various  periods  and  iu  different  countries,  and  that 
•while  in  earl}^  MSS.  it  is  pure  black,  or  slightly  brown,  in 
the  Middle  Ages  it  varies  a  good  deal  according  to  age 
and  locality.  He  also  tells  us  that  in  Italy  and  Southern 
Europe  the  ink  of  MSS.  is  generally  blacker  than  in  the 
north,  and  that  a  Spanish  MS.  of  the  fourteenth  or 
fifteenth  century  may  usually  be  recognised  by  the  pecu- 
liar blackness  of  the  ink.  The  ink  of  the  fifteenth  century 
is  often  of  a  faded  grey  colour. 

The  Lindisfarne  Gospels. — The  MS.  known  as  Tlie 
Liiidisfame  Gosj^els,  or  The  Gosi_)els  of  St.  Ctithbcrt,  or  The 
Durham  Book,  is  of  great  interest,  for  it  is  one  of  the 
earliest,  and  certainly  one  of  the  most  beautiful,  MSS.  on 
vellum  possessed  by  the  British  Museum.  Four  paintings 
representing  the  Evangelists  precede  the  respectiveGospels, 
and  three  of  them  are  shown  in  the  act  of  writine".  It  is 
noteworthy  that  the  pen,  very  j)lainly  shown  in  the  figure 
of  St.  Mark,  is  cut  like  a  quill.  Ihis  MS.  is  unusually 
fresh  and  clean,  although  according  to  tradition  it  was, 
upon  one  occasion,  lost  at  sea  in  a  violent  storm,  and  was 
recovered  at  low  tide  by  the  intervention  of  St.  Cuthbert, 
The  date  at  which  it  was  written  is  supposed  to  be  at  the 
close  of  the  seventh  century.  This  valuable  MS.  is  placed 
in  a  case  next  to  an  MS.  of  Shakespeare's  time;  and 
although  one  is  nearly  nine  centuries  older  than  the  other, 
the  ink  of  the  earlier  work  is  perfectly  black  and  well 
preserved,  while  that  of  the  other  is  very  much  faded. 

With  regard  to  the  later  MSS.  on  paper  and  parchment, 

*  Be  Secretis,  lib.  xvii.  713. 

t  London  edition,  1660. 

X  Grceli  and  Latin  Pal/fniirdpli  ij. 
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and  confining  our  attention  to  those  which  are  exhibited 
in  the  open  cases  at  the  British  Museum,  there  is  little  to 
complain  of  in  the  quality  of  the  ink.  The  writing  is 
mostly  of  a  rich  dark-brown,  and  we  may  take  it  that  if  an 
MS.  has  thus  preserved  its  freshness  for  three  or  four 
centuries  the  ink  may  be  regarded  as  permanent  enough 
for  all  practical  purposes.  It  is  interesting  to  note  that 
in  some  of  these  MSS.  two  different  inks  have  been  used 
on  the  same  page.  For  instance,  we  have  here  the  Bible 
which  belonged  to  Milton,  on  the  first  page  of  which  he 
has  entered  in  his  own  hand  memoranda  of  the  births  of 
himself  and  members  of  his  family.  All  the  entries  are 
written  in  a  dark  ink,  with  one  exception — this  is  the 
entry  referring  to  the  birth  of  his  daughter  Deborah  on 
"  the  2nd  of  May,  being  Sunday,  somewhat  before  3  of 
the  clock  in  the  morning,  1652."  The  ink  in  this  case  is 
very  pale,  the  loss  of  colour  being  possibly  due  to  hasty 
dilution. 

Transition  from  Carbon  to  Gall  Inks. — The  transition 
from  carbon  ink  to  that  made  from  galls  and  iron  is  a  very 
gradual  one,  and  we  find  many  writers  deploring  the 
effects  of  that  change.  Mr.  Astle*  (1803)  complains  that 
the  modern  ink  is  not  comparable  with  that  used  by  the 
ancients,  and  attributes  the  deterioration  to  negligence  in 
manufacture.  He  writes  :  "  Gall-nuts,  copperas,  and  gum 
make  up  the  composition  of  our  inks,  whereas  soot  or 
ivory  black  was  the  chief  ingredient  in  that  of  the 
ancients.'* 

Another  paragraph  from  the  same  source  is  worthy  of 
quotation : 

"  Although  paper  is  now  chiefly  made  from  linen  rags 
beaten  to  a  pulp  in  water,  yet  it  may  also  be  made  of 
nettles,  hay,  straw,  parsnips,  turnips,  colewort  leaves,  flax, 
or  of  any  fibrous  vegetable." 

This  extract,  written  just  a  century  ago,  is  interesting 
in  view  of  the  circumstance  that  linen  rags  are  now  only 
used  for  the  very  finest  grades  of  paper.  Wood  pulp  is 
now  largely  employed,  and  there  is  ground  for  the  fear  that 
in  the  future  it  will  not  be  the  quality  of  the  ink  which 


*  Origin  of  Writing,  1803,  p.  210. 
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will  be  called  into  question,  so  much  as  the  perishing  of  the 
material  upon  which  the  writing  is  recorded. 

We  may  also  notice  here  "  Some  Observations  ou 
Ancient  Inks"*  which  formed  the  subject  of  a  communi- 
cation to  the  Royal  Society  by  Sir  Charles  Blogdcn.  He 
made  experiments  on  various  MSS.  on  vellum,  dated  from 
the  ninth  to  the  fifteenth  centuries.  The  ink  of  some  was 
still  quite  black,  while  that  of  others  varied  from  a  deep 
yellowish  brown  to  a  very  pale  yellow.  These  were  lent 
him  by  Mr.  Astle. 

He  made  several  experiments,  and  convinced  himself 
that  the  ink  used  in  these  MSS.  was  iron-gall.  "  No  trace 
of  a  black  pigmei:t  of  any  sort  was  discovered." 

He  attributes  "the  greater  durability  of  the  more 
ancient  inks "  to  the  more  careful  preparation  of  the 
parchment  or  vellum  ;  one  writing  only  resisted  all  the 
agents  which  he  employed,  and  that  turned  out  subse- 
quently to  be  part  of  a  very  ancient  printed  book. 

Perhaps  the  change  of  which  so  many  writers  complain 
may  be  more  reasonably  ascribed  to  the  want  of  know- 
ledge with  regard  to  the  proper  proportions  of  the  ingre- 
dients employed  in  the  preparation  of  ink,  which  had  not 
yet  attained  the  position  of  an  article  of  commerce. 

Domestic  Ink-making. — It  is  very  difficult  for  us  in 
this  twentieth  century  to  realise  a  time  in  Britain  when 
the  art  of  writing  was  a  polite  accomplishment,  only 
known  to  a  privileged  few  ;  when  the  commercial  manu- 
facturer of  ink  did  not,  could  not  exist,  for  he  would  have 
starved  through  lack  of  custom.  Then  it  was  that  the 
careful  housewife  would  rank  it  among  her  duties  to  make 
ink,  just  as  she  made  cordials,  and  compounded  medicines 
of  marvellous  origin  for  the  family  use  ;  and  we  may  take 
it  for  granted  that  recipes  for  the  manufacture  of  writing- 
fluids,  sympathetic  and  otherwise,  would  be  handed  down, 
with  other  nostrums,  as  precious  heirlooms  from  genera- 
tion to  generation. 

We  have  evidence  of  this  in  an  interesting  volume 
which  was  compiled  a  few  years  ago  by  Mr.  (horgc 
Weddell,    of  Newcastle-upon-Tyne.f    It   is  a   book  of 

*  Tnnix.  R'lij.  Sue,  1787,  Ixxvii.  [ii.]  451. 
t  ArritMii  Fatrfd.i-iaiKi  Mani(xcrqiti(.  1890. 
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family  recipes,  which  came  into  his  hands  b}^  an  accident. 
He  has  reproduced  it  in  fac  simile,  and  it  is  certainly  a 
most  interesting  relic  of  domestic  life  in  the  sixteenth  and 
seventeenth  centuries.  It  deals  with  all  kinds  of  things, 
good  and  bad,  from  recipes  for  apple  pasties  to  cures  for 
the  King's  evil.  And  among  the  strangely  assorted  items 
we  find  several  recipes  for  making  ink.  By  the  kind 
permission  of  Mr.  Wecldell  we  reproduce  one  of  these  as  a 
frontispiece  ;  and  as  few,  possibly,  of  our  readers  will  be 
able  to  decipher  the  strange  calligraphy,  the  gist  of  a 
transcription  which  Mr.  Wcddell  has  been  good  enough  to 
supply,  is  given  in  chap.  iv. 

Another  recipe  in  this  delightful  old  volume  stands  as 
follows  : 

"  Take  a  (juart  of  fair  spring  water,  one  ounce  of  copperaj^,  two  ounces 
of  gall,  and  four  ounces  of  guni-araliick  mingle  them  together  and  let 
them  stand." 

Here  is  another  method  : 

"  Take  four  ounces  of  gum  arabick  heat  small,  2  ounces  of  gall  beat 
gross.  One  ounce  of  copperas,  and  a  quart  of  the  comings  oft'  strong  ale. 
Put  all  these  together  andstirr  them  3  or  4  times  a  day  about — 14  daves 
then  strain  it  through  a  cU)th."' 

Then  follows  this  note  : 

"  I  made  ink  by  ye  above  rect.  only  putting  half  ye  arabick  and  as 
good  as  ever  was  used. — K.  Green." 

One  more  recipe  from  the  same  source  is  as  follows  : 

'■  Mr.  Mason,  Exciseman,  his  rect.  for  making  ink,  which  is  very  good. 

"  Take  a  quart  of  rain  or  other  soft  water  and  put  to  it  4  oz.  of  best 
blue  galls  gross  by  beattin — let  it  stand  Marm  for  3  days  then  add  3  oz. 
of  copperas  4  oz.  of  gum  ditto  roach  (rock)  alluni  let  it  stand  2  or  3  davs 
longer  but  shake  it  up  2  or  3  times  a  day  put  a  little  Brandv  into  the  ink. 
The  bottlein  it  will  hinder  it  from  Mouldiness.'" 

There  is  no  date  to  any  of  these  recipes,  Mr.  Weddell, 
who  has  made  a  study  of  the  different  handwritings  repro- 
duced in  this  book,  is  of  opinion  that  the  first  of  them,  our 
frontispiece,  is  certainly  Elizabethan,  and  that  it  was 
probably  written  at  the  end  of  the  sixteenth  century  by  a 
man  past  middle  age,  who  learned  to  write  just  about  the 
time  that  Shakespeare  was  born  (1504). 

A  book  on  handwriting  by  Jolin  dc  Beau  Chcsnc  and. 
ilf.  John  Baildon,  printed  at  Blackfriars  in  1571,  entitled 
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A  Booh  containing  divers  Sorts  of  Hands,  contains  "Rules 
made  by  E.  B.  for  liis  children  to  learne  to  write  bye." 
They  include  directions  for  making  ink.  These  are  quaint 
enough  to  deserve  quotation  : 

"  To  make  common  yiicke  of  Wyiie  take  a  iiuarte, 
Two  ounces  of  gonime,  let  that  be  a  parte, 
Five  ounces  of  galles,  of  copres*  take  tJu-ee, 
Ivong  standing  dooth  make  it  better  to  be  ; 
If  wyne  ye  do  want,  rayne  water  is  best, 
.And  as  mucli  stuffe  as  above  at  the  least : 
Jf  yncke  be  to  thick,  put  vinegre  in. 
For  water  dooth  make  the  colour  more  dinnne. 
In  hast  for  a  shift  when  ye  have  a  great  nede. 
Take  woll,  or  wollen  to  stand  yon  in  steede  ; 
Whiche  burnt  in  the  fire  the  powder  bette  small 
With  vinegre,  or  water  make  yncke  with  all. 
If  yncke  ye  desire  to  keep  long  in  store 
Put  bay  salte  therein,  and  it  will  not  hoare.f 
If  that  common  yncke  be  not  to  your  minde 
Some  lampblack  thereto  with  gonnne  water  grinde." 

In  1609  an  iron- gall  ink  was  invented  by  Guyot,  and 
sold  on  the  Pont  Neuf,  Paris,  under  the  title  encrc  dc  la 
petite  Tcrtti.'l 

Scientific  Experiments. — In  the  following  century,  so 
much  more  attention  appears  to  have  been  given  to  the 
manufacture  of  writing  ink,  that  we  find  a  compound 
known  as  "the  celebrated  Dresden  ink"  being  used  in 
Germauy.  We  give  further  details  as  to  its  composition 
in  chap.  iv. 

Wi/liam  Leiois,  M.D.,§  in  1748,  has  the  credit  of  being 
the  first  to  make  writing  fluids  the  subject  of  scientific 
experiment,  and  to  draw  deductions  as  to  the  best  pro- 
portions of  the  various  ingredients  required  to  make  a 
really  permanent  ink. 

Rihcaucourt  (1792)  H  carried  out  experiments  on  the 
same  lines  as  Lewis,  but  arrived  at  somewhat  different 
conclusions  as  to  the  correct  proportions  of  the  con- 
stituents. 

*  (Copperas,  I.e.,  FeSOj. 

t  A.S.  liar,  hoary,  gray.  Ice.  liarr.  In  allusion  to  the  gray  colom- 
caused  by  mould. 

X  Blondel,  Le.n  Oi/fil.s  de  1' J-j-ri r//l ,i,  1S90.  p.  153. 

§  (Jonuiierciinn  JP/ulosopIi  icd-tccluiii-inii.  London,  1763,  p.  377. 

II  An/i.  Cltliu.,  1792,  XV.  113. 
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Unoxidised  Gall  Inks. — The  use  of  dyestuffs  such  as 
logwood  or  indigo  to  strengthen  the  colour  of  the  iok, 
was  practised  to  a  small  extent  during  the  eighteenth 
century  ;  but  the  inks  were  still  of  one  type,  that  is  to  say, 
the  fluids  were  more  or  less  oxidised  before  their  applica- 
tion to  the  paper.  In  the  early  part  of  last  century, 
however,  a  radical  change  came  about  in  the  method  of 
manufacture;  and  credit  for  the  innovation  is  claimed  by 
the  well-known  firm  of  Stephens.  Previously  to  this,  the 
finished  ink  was  exposed  to  the  action  of  the  atmosphere 
so  as  to  darken  it  as  much  as  possible,  whereby  it  was 
rendered  more  or  less  insoluble,  and  would,  therefore,  for 
the  most  part,  remain  on  the  surface  of  the  paper.  The 
new  process  consisted  in  keeping  the  ink  from  oxidation 
as  far  as  possible,  so  that  the  formation  of  the  insoluble 
pigment  would  take  place  within  the  fibres  of  the  paper  ; 
at  the  same  time  indigo  was  added  to  give  the  fluid  a 
"  provisional "  colour. 

An  unoxidised  ink  of  the  same  type  was  patented  by 
Lconliardi  in  Hanover  in  1856,  a  small  proportion  of 
madder  being  incorporated  in  addition  to  the  indigo. 
Hence  the  term  alizarine,  which  has  been  accepted  as  a 
descriptive  title  for  this  type  of  ink,  although  Lconliardi 
subsequently  omitted  the  madder  as  being  superfluous. 
Attempts  to  employ  the  more  appropriate  term  isatiii  " 
(indigo)  to  such  inks  were  unsuccessful,  and  they  are  still, 
on  the  Incus  a  non  luce )i do  principle,  called  '•'  alizarine." 
Other  manufacturers  have  seen  the  advantages  of  a  non- 
oxidised  ink,  and  hlne-black  writing  fluids  are  now  largely 
made.  In  1891  Sehlnttig  and  Newnann  examined  eighty- 
one  German  inks,  and  found  that  all  were  of  the  new 
type — the  older  kind  of  ink  being  obtainable  from  a  few 
small  makers. 

Aniline  Inks. — The  next  development  in  the  manufac- 
ture of  ink  is  found  in  the  use  of  aniline  dyes,  not  merely 
for  coloured  \vriting  fluids,  but  also  for  taking  the  place  of 
the  indigo  in  the  black  inks.  The  first  British  patent  for 
the  employment  of  these  dyes  as  ink  was  granted  to  Croc, 
of  Paris,  in  1861,  and  he  was  followed  by  several  others. 
Thus,  under  the  name  of  "  Stylographic  ink  "  a  solution  of 
nigrosine  was  introduced  in  1867,  as  being  specially 
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suitable,  on  account  of  its  fluidity,  for  stylographs  and 
fountain  pens. 

In  1878,  at  the  Paris  Exposition,  a  medal  was  given  to 
the  makers  of  an  aniline  ink  which  was  found  capable  of 
great  resistance  to  the  action  of  acids,  alkalies,  and 
-chlorine. 

German  Regulations. — In  1879  Professor  Kocster,  of 
Bonn,  wrote  to  the  German  Chancellor,  pointing  out  the 
danger  of  using  aniline  inks  for  historical  documents  on 
account  of  their  instability  ;  and,  as  a  result  of  this,  Prussia 
passed  a  law  in  the  same  year  enacting  that  only  iron-gall 
inks  should  be  used  officially. 

In  1888  rules  for  testing  ink  were  published,  and  inks 
were  classified  according  to  the  way  in  which  they 
answered  to  these  regulations.  Some  of  these  tests  have 
been  severely  criticised  by  SchlaUig  and  ycumann. 

Other  Inks.— Coloured  inks,  marking  inks,  printing- 
inks,  and  inks  for  special  purposes,  need  only  be  alluded 
to,  as  they  are  fully  dealt  with  in  subsequent  chapters. 
The  interesting  question  of  the  detection  of  forgeries  by 
photographic  and  other  means  is  also  considered  at 
length. 


SECTION  I. 
WRITING  INKS. 


CHAPTER  I. 

CARBON  AND  CAEBONACEOUS  INKS. 

Contexts.  — Sepia — Source — Manufactore — Chemical  compo- 
sition—Sepiaic  acid — British  sepia— Examination  of  connner- 
cial  sepia — Indian  or  Chinese  Ink— Lamp-bhxck — Compo- 
sition— Manufacture  of  lamp-blacl^- Old  European  methods — 
Manufacture  of  Indian  ink — Qualities  of  Indian  ink — Examina- 
tion of  Indian  ink— Practical  tests — Carbon  Writing  Ink — 
Ancient  carbon  inks — Modern  carbonaceous  inks. 

As  was  shown  in  our  preliminary  historical  sketcJi,  inks 
having  carbon  or  a  carbonaceous  pigment  in  a  finely  divided 
state  for  their  pigment  date  back  to  periods  of  remote 
antiquity,  though  for  writing  purposes  they  have  to  a  large 
extent  been  superseded,  at  least  in  Europe,  by  inks  in 
which  the  pigment  is  more  or  less  in  solution. 

The  inks  which  may  be  conveniently  considered  under 
this  heading  comprise  (i)  Sepia,  (2)  Indian  or  Chinese 
ink,  and  (3)  inks  of  the  type  of  the  ancient  writing  inks, 
which  contain  elementary  carbon  suspended  in  a  suitable 
medium. 

(i)  Sepia. 

Source. — The  black  or  dark  brown  pigment  known  as 
sepia  is  contained  in  a  secretion  formed  in  a  special 
glandular  organ  of  different  species  of  Cephalopoda,  in- 
cluding the  common  cuttle-fish  or  squid.  The  "  ink-sac  " 
or  "ink-bag,"  as  this  glandular  organ  is  popularly  called.. 
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lias  strong  fibrous  walls,  and  is  generally,  though  not  in- 
variably, provided  with  a  separate  ejaciilatory  duct. 

Mr.  Martin  Duncan,  who  has  made  a  study  of  living 
members  of  the  Cephalopoda,  which  he  ke-pt  in  a  large 
tank  made  for  the  purpose,  stated  in  a  lecture  before  the 


Fig.  4. — Common  cuttle-fldi  (Sc2)ia  offichutlis).  . 

London  Camera  Club,  October  15,  1903,  that  it  was  not 
an  easy  matter  to  cause  a  cattle-fish  to  exhaust  its  stock  of 
ink.  And  the  facility  with  which  it  would  discharge  the 
liquid  upon  the  least  provocation  was  one  of  the  great 
difficulties  with  which  he  had  to  deal  in  prosecuting  his 
inquiries  ;  for  a  whole  tank  full  of  water  would  be  clouded 
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in  a  few  seconds,  and  work  had  to  be  suspended  until  the 
vessel  had  been  thoroughly  cleaned  and  refilled.    He  also 
stated  that  an  exhausted  cuttle  had  the  power  of  renewing 
the  mky  secretion  in  as  short  a  period 
as  a  quarter  of  an  hour. 

Fig.  4  represents  the  common  cuttle- 
fish (Sepia  officinalis)  from  which  the 
ink  is  obtained.  By  the  kindness  of 
the  Curator  of  the  Geological  Museum, 
London,  we  have  been  able  to  photo- 
graph specimens  of  fossil  Cephalopoda 
from  the  Blue  Lias  in  which  the  ink- 
bags  remain  intact.  It  is  a  well- 
known  circumstance  that  this  fossil 
sepia  has  been  more  than  once  ground 
up  with  water  and  found  to  furnish  an 
excellent  ink.  This  is  alluded  to  in 
the  Bridgewater  Treatise  by  Dean 
Buckland.  In  Figs.  4  and  5 'the  ink 
sacs  are  indicated  by  the  white 
pointers. 

Mr.  Henry  Lee,  for  some  time 
Naturalist  to  the  Brighton  Aquarium, 
writing  of  this  black  fluid,  says  :  * 

"  The  cuttle  (sepia)  discharges  it  on 
the  slightest  provocation ;  and  this  is 
sometimes  very  troublesome  and  an- 
noying when  this  species  is  exhibited 
in  an  ^  aquarium.  The  quantity  of 
water  its  ink  will  obscure  is  really 
surprising.  The  fluid  is  secreted  with 
amazing  rapidity,  and  the  black  injec- 
tion frequently  occurs  several  times  in  succession  I 
have  otten  seen  a  cuttle  completely  spoil  in  a  few 
seconds  all  the  water  in  a  tank  containing  a  thousand 
gallons. 

The  extreme  diffusibility  of  the  pigment  is  also  referred 
to  by  Ure,]  who  states  that  one  part  of  sepia  immediately 
renders  1000  parts  of  water  opaque.    The  cuttle-fish  is 


Fig-  5- —Fossil  sei^ia. 


*  Aquariinii  Notes—The  Octoitus. 


t  Diet,  of  Chem.— Sepia. 

B 
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thus  provided  with  a  most  effective  weapon  of  defence, 

which  enables  it  to  effectually  cover  its  retreat  when 

attacked  by  its  enemies.   

The  pi^ent  most  highly  valued  is  that  obtained  fiom 
the  Mediterranean  cuttle-fish,  Sepia  offlcinahs,  and  from 
S.  loliqo,  and  S.  tunicata,  though  it  is  also  prepared  from 
the  ink-sacs  of  other  species.  The  ink-sacs  are  removed 
as  soon  as  possible  after  the  capture  of  the  fish,  and  rapidly 
dried  to  prevent  putrefaction.  It  is  a  common  practice 
for  the  fishermen  on  the  South  Coast  of  England  to  remove 


Fig.  6. — Fossil  sepia. 

the  ink-bags  of  the  cuttle-fish,  whose  flesh  they  use  for 
their  bait,  and  to  keep  them  in  a  dried  condition  until 
they  can  dispose  of  them  to  the  manufacturers.  A  large 
amount  of  sepia  is  also  obtained  from  Ceylon,  where  the 
cuttle-fish  are  collected  by  natives  for  a  very  low  daily 

Manufacture.-There  is  good  reason  for  believing  that 
ink  manufactured  from  the  pigment  of  the  cuttle-fish  was 
used  as  a  writing  ink  by  the  Romans,*  but  it  is  now  pro- 
bably used  exclusively  in  the  manufacture  of  the  sepia 

of  the  artists.  ,  i     •    j  j 

For  this  purpose  the  dried  mk-sacs  are  pulverised,  and 
the  powder  triturated  with  caustic  lye  and  boiled  for  thirty 

*  Persins.  loc.  cit. 
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minute^  The  liquid  is  then  filtered  and  neutralised  with 
hydrochloric  acid,  and  the  precipitated  pigment  repeatedly 
washed  with  water,  and  dried  at  a  low  temperature. 

Modifications  of  this  process  are  used  by  difierent 
manufacturers,  the  exact  details  of  which  are  regarded  as 
trade  secrets. 

The  pigment  separated  from  the  other  constituents  by 
some  such  process  as  described  above  is  ground  down  to 
an  impalpable  powder  on  a  marble  slab,  usually  by  manual 
labour.  It  is  then  made  up  into  cakes,  or  is  prepared  in 
a  moist  condition  and  put  up  in  pans  or  tubes,  or  is  incor- 
porated with  oil  for  use  as  an  oil  paint. 

In  purchasing  the  raw  material  the  manufacturer's  chief 
consideration  is  to  see  that  the  ink-sacs  are  full,  not 
withered.  There  does  not  appear  to  be  much  variation  in 
the  colouring  power  of  different  samples  of  the  crude 
sepia. 

Chemical  Composition.  —  It  has  frequently  been 
stated, though  without  justification,  that  the  pigment  of 
the  cuttle-fish  consists  of  finely  divided  carbon  associated 
with  proteid  substances  and  calcium  phosphate,  but  it  is 
now  known  to  be  a  complex  organic  compound. 

Ke7np,1[  who  examined  the  liquid  from  the  ink-sac  whilst 
m  a  fresh  state,  found  that  it  yielded  precipitates  with 
alcohol,  mineral  acids,  tannin,  and  mercuric  chloride.  It 
■  was  very  viscous,  and  possessed  a  peculiar  fishy  odour, 
but  little  taste.  He  came  to  the  conclusion  -that  it  con- 
sisted mainly  of  albumin,  with  possibly  some  gelatin. 

Shortly  afterwards  Frout  t  made  a  chemical  examination 
of  the  black  residue  contained  in  the  dried  ink-sac.  It 
was  a  hard,  brittle,  brownish-black  substance  witli  an 
iridescent  lustre.  When  powdered,  it  yielded  a  violet- 
black  powder  without  odour,  but  with  a  slightly  salt  taste. 
Its  specific  gravity  was  1.640.  When  digested  with  water 
for  a  long  time  it  yielded  a  broAvn  solution,  giving  a  brown 
precipitate  with  lead  nitrate.  It  was  found  to  contain 
the  following  constituents:  Black  pigment  (melanin), 
78  per  cent. ;  calcium  carbonate,  10.4  per  cent. ;  sulphates 

t  ill  Tomlinson's  Cyclopaedia  of  Useful  Arts,  i8<4,  p.  cq8 

t  Nicholson's  of  lYat  Fhllos.,  1813,  xxxiv.  34,  ' 

X  Annals  of  Fkilosophy,  1815,  v.  417. 
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and  chlorides  of  the  alkali  metals,  2.16  per  cent.;  and 

mucine,  0.84  per  cent. 

The  melanin  was  isolated  by  boiling  the  black  mass 
with  successive  portions  of  water,  hydrochloric  acid,  and 
dilute  ammonium  carbonate  solution.  The  residue  thus 
obtained  was  a  black  shining  powder  resembling  charcoal 
in  appearance,  and  emitting  a  fishy  odour  when  burned. 
It  was  insoluble  in  water,  alcohol,  or  ether,  though  it  re- 
mained for  a  long  time  in  suspension  m  water.  Bj  adding 
acids  or  ammonium  chloride  to  the  water  its  separation 
was  accelerated.  It  was  partially  soluble  in  hot  potassium 
hydroxide  solution,  yielding  a  brown  liquid  from  which 
slight  precipitates  were  obtained  with  hydrochloric  or 
sulphuric  acids,  but  not  with  nitric  acid.  The  original 
pigment  was  quite  insoluble  in  the  two  former  acids,  but 
dissolved  in  nitric  acid.  It  was  also  soluble  in  ammonium 
hydroxide  but  not  in  solutions  of  ammonium  carbonate. 

A  more  recent  research  is  that  of  Girod,''  who  made  a 
full  analysis  of  the  liquid  secreted  by  the  ink-sac  of  >b. 
officinalis.  He  found  it  to  be  odourless,  but  havmg  a 
slio-htly  salt  taste.  When  examined  under  the  microscope 
the  liquid  was  seen  to  consist  of  minute  corpuscles  sus- 
pended in  a  clear  serum.  .  ,    n  ^ 

Chemical  analysis  showed  the  liquid  to  consist  of  60  per 
cent  of  water  ;  8.6  percent,  of  mineral  matter  ;  30-54  per 
cent,  of  insoluble  organic  matter ;  and  0.86  per  cent,  of 
soluble  extractives. 

The  mineral  matter  included  calcium,  magnesium, 
sodium,  potassium,  iron,  carbonates,  sulphates  and  chlo- 
rides though  curiously  it  was  free  from  phosphates. 

The  pigmentary  substance  was  obtained  m  a  pure  state 
by  digesting  the  dried  residue  for  four  days  with  alcohol, 
and  then  for  four  days  with  ether,  to  remove  the  extrac- 
tives It  was  then  collected  on  a  filter,  washed,^  and 
digested  with  glacial  acetic  acid  to  eliminate  albuminous 
substances,  then  with  potassium  carbonate  to  remove 
mucine,  and  finally  with  dilute  hydrochloric  acid  (i  :  10) 
to  free  it  from  the  mineral  salts. 

As  thus  prepared  the  pigment  (after  drying  at  100  C.) 
was  a  black  homogeneous  substance,  leaving  no  residue  of 
*  a»iqitcs  Rendu",  i88i,  xoiii.  96. 
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ash  on  ignition.  It  was  insoluble  in  water,  alcohol,  ether, 
and  acids,  with  the  exception  of  nitric  acid.  It  was 
bleached  by  chlorine  and  by  bleaching  powder,  and  when 
heated  with  soda  lime  evolved  ammonia. 

Its  elementary  composition  was  as  follows  :  Carbon, 
53.6;  nitrogen,  8.8;  hydrogen,  4.04;  and  oxygen,  33.56 
])er  cent. 


Fig".  7. — Dried  ^;epin  sac^. 

Srpiaio  Acid. — In  1888  Ncncki  and  Frau  Suher* 
obtained  an  amorphous  substance,  to  which  they  gave  this 
name,  by  treating  the  pigment  melanin  with  fifteen  times 
its  weight  of  a  10  per  cent,  solution  of  potassium  hydroxide. 
It  had  the  following  elementary  composition :  Carbon,  56.3  ; 
hydrogen,  3.6;  nitrogen,  12.3;  sulphur  0.5  ;  and  oxygen, 
27.3  per  cent.  It  was  found  to  be  soluble  in  solutions  of 
alkalies,  and  was  precipitated  from  its  solution  by  copper 
sulphate  and  by  ammoniacal  zinc  chloride. 


Chrm.  Cciitmlhl..  i8S8,  xix.  5S7. 
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British  Sepia. — Througli  the  kindness  of  Messrs.  Neu'- 
mcin  we  have  been  enabled  to  examine  several  ink-sacs  of 
cuttle-fish  from  Southampton,  in  the  dried  condition  as 
received  by  them.  The  appearance  of  these  is  shown  in 
the  accompanjdng  figure  (Fig.  7).  The  general  physical 
characteristics  were  very  similar  to  those  recorded  by 
Frout  (supra),  but  our  specimens  had  the  distinct  fishy 
odour  observed  by  Kemp  in  the  case  of  the  fresh  liquid, 
and  this  became  very  marked  on  boiling  the  powdered 
substance  with  water. 

The  powder  contained  17.56  per  cent,  of  moisture,  and 
on  ignition  over  a  low  Argand  flame  yielded  12.22  per 
cent,  of  ash,  containing  the  following  constituents  : 
Silica,  0.28  ;  calcium,  1.92  ;  magnesium,  1.75  ;  chlorine 
(including  other  halogens),  1.07;  sulphuric  acid,  1.84-^ 
total  nitrogen,  8.42  per  cent. 

When  treated  with  boiling  water  the  powder  dissolved 
to  a  considerable  extent,  but  repeated  and  tedious  extrac- 
tion was  necessar)'  to  remove  the  whole  of  the  soluble 
matter.  The  black  residue  left  on  the  filter  amounted  to 
7 1. 1  per  cent,  of  the  original  substance,  and  contained 
7.46  per  cent,  of  nitrogen,  calculated  on  the  original 
powder. 

The  brown  solution  when  evaporated  left  a  brown  resin- 
like deposit,  which  on  ignition  gave  4.55  per  cent,  of  ash, 
calculated  on  the  original  substance. 

On  treating  the  insoluble  residue  with  boiling  10  per 
cent,  potassium  hydroxide,  19.23  per  cent,  (calculated  ou 
the  original  substance)  remained  undissolved. 

Examination  of  commercial  Sepia. — Most,  if  not  all, 
of  the  English  manufacturers  prepare  sepia  exclusively 
from  the  cuttle-fish,  but  there  is  reason  to  believe  that  a 
large  proportion  of  the  so-called  "  sepia  "  of  foreign  origin 
is  sepia  in  name  only. 

A  chemical  means  of  distinguishing  between  genuine 
sepia  and  preparations  consisting  of  lamp-black  or  other 
forms  of  carbon  incorporated  with  glue,  consists  of  treat- 
ing the  powdered  sample  with  boiling  water  until  tho- 
roughly disintegrated,  filtering  the  liquid,  and  thoroughly 
w^ashing  the  residue. 

In  the  case  of  sepia,  this  residue  will  contain  a  large 
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amount  of  nitrogen,  and  on  ignition  will  leave  a  consider- 
able proportion  of  asli  containing  the  constituents  men- 
tioned in  the  previous  section  (p,  22). 

Lamp-black  preparations,  on  the  other  hand,  will  leave  a 
residue  of  practically  pure  carbon,  containing  only  traces 
of  nitrogen,  and  leaving  but  little  ash  on  ignition.  The 
whole  of  the  glue,  which  would  cause  the  finished  prepara- 
tion to  show  a  large  proportion  of  nitrogen,  will  have  been 
removed  by  the  treatment  with  hot  water  and  filtration. 

The  main  points  to  be  considered  in  a  manufactured 
sepia  are  the  colouring  power  and  permanency  of  the 
colour. 

Sepia  was  one  of  the  pigments  tried  in  the  experiments 
of  Dr.  Russell  and  Sir  Williain.  Abney  (chap,  vi.),  and  to 
quote  the  words  of  the  latter:*  "We  are  apt  to  look  on 
sepia  as  one  of  the  most  permanent  pigments  ;  as  a  matter 
of  fact  it  is  fugitive,  and  those  who  have  examined  sepia 
drawings  made  in  the  early  part  of  the  centurj"  will  see  there 
has  been  certainly  a  distinct  fading  in  those  drawings." 

2.  Indian  or  Chinese  Ink. 

The  extreme  antiquity  of  the  ink  manufactured  by  the 
Chinese  has  already  been  mentioned  in  the  Historical  Intro- 
duction. According  to  ancient  Chinese  documents  cited 
by  Javictel,]  the  earliest  ink  was  a  kind  of  vegetable 
varnish,  and  it  was  not  till  about  the  third  century  B.C. 
that  the  solid  product  prepared  from  lamp-black  and  glue 
was  introduced.  The  province  of  Kiang-si  enjoyed  a 
monopoly  of  the  manufacture,  and  the  ink  attained  a  high 
degree  of  perfection,  its  quality  being  maintained  by 
special  ink  inspectors. 

This  ink  has  also  been  prepared  in  Japan  for  many  hun- 
dred years.  The  province  of  Omi  produced  a  fine  quality 
known  as  tal-cesa,  but  the  taikeibuku  of  Yamashiro  was  con- 
sidered the  best.  At  the  present  day  the  best  quality  of 
Japanese  ink  is  said  to  be  manufactured  in  Nara  or 
Matsuda. 

*  Journ.  Soc.  Arts,  1889,  xxxvii.  113. 

f  IJEncre  de  Chine,  d'apres  des  Documents  Chinoiti,  trnduitt;  par  iVf. 
Jainetel,  Paris,  1882. 
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Lamp-black  :  Composition. — When  carbonaceous  pro- 
ducts, such  as  oil,  rosin,  or  tar,  are  burned  with  an  insuffi- 
cient supply  of  air,  the  oxygen  combines  with  the  hydrogen 
forming  water,  whilst  the  carbon  is  to  a  large  extent 
deposited  in  the  amorphous  form  known  as  lamp-black. 


Fig.  8; — Chinese  manufacture  of  lamp-black, - 


The  amount  of  pure  carbon  in  this  soot  is  about  8o  per 
cent.,  the  remainder  consisting  of  oily  and  resinous  sub- 
stances with  inorganic  salts,  notably  ammonium  sulphate. 
For  ordinary  commercial  uses  these  impurities  are  not 
altogether  disadvantageous ;  but  if  a  purer  substance  is 
required,  the  lamp-black  is  heated  to  redness  in  a  closed 
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crucible  to  carbonise  the  organic  substances,  and  then 
digested  with  hydrochloric  acid  and  thoroughly  washed 
with  water  to  remove  inorganic  salts,  the  final  product 
being  nearly  pure  carbon.  The  purest  form  of  lamp-black 
IS  obtained  bypassing  a  slow  current  of  turpentine  vapour 


^'^S-  9.— Chinese  niauufacture  of  ink. 

through  tubas  heated  to  reduess,  and  igniting  the  deposit 
in  chlorine  to  remove  the  last  traces  of  hydrogen. 

Maimfactiirc  of  L%mp-Uach :    Chiivnc  Mdlwi.~-T\x^ 
oldest  method  of  which  we  have  any  record  is  that  which 
has  baen  used  by  the  Chinese  for  centuries.*  Various 
*  Jauietel,  loc.  cit.  p.  ii. 
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substances  have  been  used  as  the  original  source  o£  their 
lamp-black,  such  as  rice  straw,  pine  wood,  and  haricot 
beans,  but  these  have  been  for  the  most  part  discarded  in 
favour  of  vegetable  oils,  and  in  particular  that  obtained 
from  the  seeds  of  Aleuritcs  cordata,  or  tung-cil,  which  yields 
a  brilliant  black  ink,  deepening  in  tone  with  age. 

The  oil  is  burned  in  small  terra-cotta  lamps,  which  are 
placed  in  terra-cotta  chambers  with  a  hole  to  admit  air,  and 
having  a  depression  on  the  top  in  which  water  is  placed. 
The  smoke  is  collected  in  inverted  terra-cotta  cones  with 
polished  interiors,  which  are  fixed  above  the  flame.  From 
time  to  time  the  cones  are  replaced  by  fresh  ones,  and  the 
deposited  soot  removed  by  means  of  a  feather,  care  being 
taken  to  reject  all  oily  particles. 

Figs.  8  and  9  are  reproductions  of  two  of  the  quaint 
illustrations  copied  by  Jametel  from  ancient  Chinese 
manuscripts. 

In  some  factories  the  terra-cotta  condensing  chamber  is 
replaced  by  a  hollow  wooden  tunnel,  having  a  hole  bored 
in  the  wall  to  act  as  the  ventilating  shaft.  A  range  of 
bricks  inside  supports  the.  cones,  of  which  about  twenty 
are  used  at  a  time. 

The  best  season  for  the  manufacture  of  lamp-black  is  at 
the  end  of  autumn  or  beginning  of  winter.  The  terra- 
cotta condensers  are  placed  in  a  room  carefully  protected 
from  draughts,  which  would  interfere  with_  the  regular 
deposition  of  the  soot.  The  cones  are  examined  hour  by 
hour,  since  delay  in  changing  them  causes  the  lamp-black 
to  assume  a  yellow  tint. 

Julien*  states  on  the  authority  of  Chinese  dociiments 
that  the  finest  quality  of  ink  is  prepared  from  the  lamp- 
black obtained  from  sesame  oil,  or  from  tung  oil,  whilst 
the  soot  of  pine  wood  or  deal  is  used  for  the  commoner 
kinds. 

Strips  of  pine  wood  about  18  inches  in  length  are  burnt 
in  a  bamboj  cabin,  100  feet  in  length,  which  is  covered 
inside  and  out  with  paper,  and  divided  into  several  com- 
partments by  partitions,  in  each  of  which  is  an  opening 
for  the  passage  of  the  smoke.  The  deposit  in  the  furthest 
compartment  is  the  lightest  and  makes  the  best  ink,  whilst 
*  Ann.  de  Chun..  1833,  liii.  308. 
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that  in  the  first  and  second  compartments  is  very  coarse, 
and  is  sold  to  printers,  varnishers,  and  house  painters. 

The  quality  of  the  lamp-black  has  a  very  great  influence 
upon  the  character  of  the  ink,  and  the  Imperial  ink  is 
prepared  from  the  very  lightest  and  purest  that  can  be 
obtained. 

Old  European  Methods. — Lamp-black  is  manufactured  on 


Fig.  10. — European  liunp-black  chamber. 

a  large  scale  from  the  resinous  impurities  obtained  as  by- 
products in  the  manufacture  of  turpentine,  and  is  also 
prepared  from  oil,  tar,  &c.  The  initial  substance  is  burned 
in  a  furnace  with  an  insufficient  supply  of  air  suitably 
regulated  by  apertures  which  can  be  opened  or  closed.  The 
dense  smoke  is  conducted  through  a  flue  into  a  cylindrical 
stone,  brick,  or  cast-iron  chamber,  the  sides  of  which  are 
covered  with  sacking  or  sheep-skin.     An  iron  cone  is 


28       INKS  AND  THEIR  MANUFACTURE 


suspended  within  the  chamber,  which  it  fits  so  exactly  that 
when  lowered  its  edges  scrape  the  suspended  sacking  and 
remove  the  deposited  lamp-black  (see  Fig.  lo). 

A  small  hole  in  the  top  of  the  cone  allows  the  smoke  to 
escape  into  the  chimney  of  the  cylinder,  leaving  most  of 
its  carbon  behind.  From  time  to  time  the  suspended 
sacking  is  removed,  scraped,  and  replaced. 

A  more  economical  method  is  to  conduct  the  products 
of  combustion  first  through  an  iron  tube,  where  oily 
substances  are  deposited,  and  then  through^  a  series  of 
iron  condensing  chambers,  where  the  carbon  is  deposited, 
the  purest  product  being  obtained  from  the  final  con- 
denser. This  method  of  condensing  is  employed  in  the 
manufacture  of  the  finest  grades  of  lamp-black,  the  source 
of  the  smoke  being  fatty  oils  burned  in  lamps. 

An  impure  form  of  black  of  bad  colour  is  prepared 
from  certain  kinds  of  coal,  and  is  chiefly  used  for  pitching 
ships. 

Other  varieties  of  black  are  Sjjanish  Mack  from  cork ; 
vine  Uach  from  the  twigs  of  the  vine ;  peach  hlack  from 
peach  kernels;  and  German  hlad;  said  to  be  obtained 
from  a  mixture  of  wine-lees,  peach  kernels,  and  bone 
shavings.* 

More  modern  methods  of  preparing  black  for  printing 
inks  are  described  in  chap.  x. 

Manufacture  of  Indian  Ink.— The  fullest  source  of 
information  on  the  Chinese  methods  of  preparing  the  ink 
from  the  lamp-black  is  still  Cheii-Jd-Souen's  book  as  trans- 
lated into  French  by  JainetcL  From  that  we  learn  that 
the  lamp-black  is  first  sieved  into  glazed  vases,  and  then 
dried  in  paper  bags  suspended  in  a  dry  chamber.  The 
glue  is  prepared  either  from  fish  or  from  ox-hide,  and  is 
used  in  the  proportion  of  four  to  five  catties  f  to  each 
pound  of  lamp-black.  If  too  little  glue  be  used,  the  ink 
IS  blacker,  but  not  so  permanent.  The  solution  of  the 
glue  is  poured  through  a  sieve  on  to  the  lamp-black,  and 
the  paste  thoroughly  mixed  and  heated  for  fifteen  minutes 
in  a  tightly  closed  vessel  over  boiling  water.  It  is  next 
pounded  for  four  hours  in  a  mortar  (see  Fig.  9),  until  the 

*  Lewis,  Phihmphico-ter]inicum,  1763,  p.  377. 
J  A  catty  =  800  grammes. 
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mass  becomes  tlioronghly  pliable,  after  which  it  is  mixed 
with  musk  and  camphor  and  beaten  into  long  sticks. 
These  are  then  moulded  into  cakes  weighing  about  114 
to  140  grammes,  and  the  cakes  dried  by  desiccation  in 
well-burnt  ash  from  rice  straw,  which  is  replaced  daily  by 
fresh  ash.  The  desiccation  takes  from  one  to  three  or 
four  days  or  longer,  but  if  the  process  be  continued  too 
long  the  ink  becomes  pale  and  loses  its  brilliancy. 

The  following  proportions  are  given  as  the  best  for  an 
ink  that  will  become  blacker  with  age:*  Lamp-black 
from  dryandra  oil,  10  catties  ;  old  ox-hide  glue,  catties  ; 
old  fish  glue,  I  catty ;  extract  of  sou-raou  and  another 
Chinese  aromatic  plant,  i  catty. 

The  addition  of  a  small  quantity  of  dried  ox-tongue  is 
said  to  give  a  violet  tint  to  the  ink,  whilst  finely  powdered 
vegetable  matter  is  added  to  produce  a  bluish  tint. 

The  glue  must  be  white  and  transparent.  It  was 
formerly  obtained  from  various  substances,  such  as  rhino- 
ceros' and  stag's  horn,  but  is  now  exclusively  prepared 
from  ox-hide  or  from  fish.  A  decoction  of  the  plant 
Hibiscus  mutahilis  was  formerly  used,  but  according  to 
Jametcl  has  long  been  discarded. 

At  the  present  day  the  only  essential  difference  in  the 
ink  produced  by  different  Chinese  manufacturers  is  that 
different  proportions  and  methods  of  incorporating  the 
chief  ingredients  are  employed. 

The  methods  of  preparing  Chinese  ink,  which  are  given 
in  a  history  of  China  published  hj  du  Haldi',  a  Jesuit  mis- 
sionary ,t  in  1735,  agree  in  all  essential  details  with  the 
above  account.  Lamp-black  from  pine  wood  or  from  oil 
was  mixed  with  glue  or  with  gum  tragacanth  and  aromatic 
essences,  and  the  paste  pounded,  and  stamped  into  tablets,^ 
which  were  finally  dried  for  three  to  ten  days  in  cold  ashes. 

In  Japan  the  lamp-black  is  obtained  chiefly  from 
sesame  oil  or  from  pine  wood,  and  is  mixed  with  ox-hide 
glue  in  a  copper  vessel  surrounded  by  another  vessel  con- 
taining hot  water.  The  plastic  mass  is  beaten  in  wooden 
moulds  into  cakes,  which,  as  in  the  Chinese  method,  are 
dried  by  contact  with  absorbent  ash. 
*  Jametel,  loe.  cit.  p.  28. 

f  Dcficriptiim  dc  VEixpiir  de  la  Ch'nie,  Paris,  1735,  ii.  p.  245- 
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Eisler  *  describes  a  method  of  preparing  "ndian  ink 
from  animal  and  vegetable  charcoal  mixed  witi  milk  and 
thick  gum  water,  and  allowed  to  dry  into  cakes 

A  modern  (European)  method  of  preparing  Indian  ink 
consists  of  triturating  the  lamp-black  with  a  dilute 
solution  of  potassium  hydroxide,  so  as  to  forn  a  cream. 
This  is  poured  in  a  thin  stream  into  slighty  alkaline 
water,  and  the  deposit  collected,  washed  w.th  water, 
dried,  and  incorporated  with  a  decoction  of  the  seaweed 
known  as  Irish  moss  or  carrageen,  to  which  a  ittle  musk 
has  been  added. 

In  another  process,  a  solution  of  gelatin  is  bdled  under 
pressure  for  two  hours,  and  then  for  one  hour  nore,  over 
an  open  fire  until  suitably  concentrated,  and  tieu  mixed 
with  lamp-black  that  has  been  heated  to  recness  in  a 
closed  crucible.  The  object  of  heating  the  gdatin  is  to 
convert  it  into  the  so-called  gelatin-peptone,  vhich  does 
not  solidify  like  ordinary  gelatin.  Indian  ink  thus  pre- 
pared does  not  gelatinise  in  cold  weather. 

Mcrimec  f  also  prepared  Indian  ink  by  mixin^'  a  strong 
decoction  of  galls  with  a  solution  of  glue,  wishing  the 
precipitate  with  water,  and  dissolving  it  in  a  fresh  solution 
of  glue,  which  is  then  concentrated  to  the  recuired  con- 
sistency and  mixed  with  lamp-black.  Dextrii  is  some- 
times used  in  place  of  gelatin  or  glue  in  the  mmufacture 
of  cheaper  qualities. 

Zenker  I  asserts  that  he  has  prepared  Indan  ink  of 
equal  quality  to  the  best  kinds  obtained  from  China  by 
the  following  method  :  Petroleum  or  turpenine  oil  is 
burned  in  lamps  to  which  the  supply  of  air  is  limited. 
The  smoke  is  conducted  through  a  zinc  tube  lOO  feet 
in  length,  the  inclination  of  which  is  slightly  upwards. 
The  soot  deposited  at  the  remote  end  of  the  tibe  is  in  a 
very  fine  state  of  subdivision,  and  requires  but  little 
purification  to  free  it  from  the  tarry  matter  wlich,  if  not 
removed,  would  cause  the  ink  to  have  a  brovnish  tint. 
For  this  purpose  it  is  first  boiled  with  nitric  acid,  then 
washed  with  water  by  decantation,  then  boiled  wth  strong 
sodium  hydroxide  solution,  and  finally  washed  aid  dried. 

*  Dhitefass,  1770,  p.  31.  f  loc.  cit.  p.  197. 

X  Die  Tinten  Fahrikation,  1880,  p.  180. 
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The  purified  product,  consisting  of  nearly  pure  carbon, 
is  mixed  into  a  paste  with  a  clear  solution  of  gum,  and 
heated  and  stirred  until  evaporated  to  the  required  con- 
sistency. It  is  now  allowed  to  cool  gradually,  a  little 
tincture  of  musk  being  added  before  it  quite  sets,  and  is 
finally  kneaded  on  a  flat  plate,  and  pressed  into  metal 
moulds,  from  which  the  rods  are  ejected  by  tapping. 

An  inferior  kind  of  ink  has  been  prepared  by  Lenhcr 
from  ordinary  soot  purified  in  a  similar  manner.  This 
method  of  preparing  ink  from  purified  soot  was  published 
long  before  Zenhcrs  book  appeared.* 

In  this  country  little,  if  any,  Indian  ink  now  appears  to 
be  manufactured  in  the  form  of  cakes.  During  the  war 
between  C'hina  and  Japan  there  was  a  great  dearth  of  the 
ink,  and  although  some  of  the  largest  dealers  tried  every 
possible  source  to  obtain  a  supply,  they  were  unable  to  do 
so.  From  this  it  would  seem  that  the  solid  product  is  now 
only  to  be  procured  from  the  far  East. 

This  conclusion  receives  further  confirmation  from  the 
fact  that  a  large  firm  dealing  in  artists'  materials  now 
supplies  much  more  of  a  liquid  preparation  of  lamp-black 
than  of  the  cakes  of  Indian  ink. 

Qualities  of  Indian  Ink— The  ink  is  imported  into 
England  from  China  in  the  original  boxes,  each  holding 
I  lb.  According  to  the  size  of  the  sticks,  8,  20,  or  40 
may  go  to  the  pound,  and  are  spoken  of  in  the  trade 
as  "eights,"  "forties,"  &c.  The  sticks  are  of  various 
forms,  some  being  in  squares,  some  in  tablets,  and  some 
octagonal.  The  best  qualities  of  sticks  are  generally  dis- 
tinguished by  being  gilt,  and  are  stamped  with  very  fine 
impressions,  such  as  dragons,  lions'  heads,  &c.,  which 
denote  different  qualities  well  recognised  in  the  trade. 
They  are  obtained  from  Yutshing  and  Yenshing. 

The  octagonal  sticks  are  also  of  very  fine  quality.  The 
sticks  known  as  "  Mandarin are  of  fine  quality,  and  are 
distingushed  from  ordinary  sticks,  which  have  also  a  lion 
on  the  top,  by  having  a  finer  impression  of  the  Chinese 
characters  on  their  sides.  The  commonest  kind  are  in  the 
form  of  small  sticks  with  white  letters  on  the  side. 

*  Dingier'' s polijt.  Juuni.  1832,  xliv.  237. 
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Examination  of  Indian  Ink. — Among  the  Chinese  the 
quahty  of  ink  is  tested  by  rubbing  the  tablet  on  the 
palette.  If  only  a  faint  sound  is  heard  the  ink  is  con- 
sidered to  be  of  good  quality  (Si-mo),  but  if  a  loud  noise  i& 
produced  it  is  regarded  as  inferior  {Tsou-mo). 

When  rubbed  with  water,  Indian  ink  should  yield  a 
uniform  liquid,  free  from  coarse  particles  or  flakes.  The 
best  Chinese  inks  have  a  brilliant  violet  shade,  whilst  inks 
of  the  second  quality  are  brilliant  black,  and  inferior  inks 
have  a  yellow  tint.  A  good  ink  should  not  lose  its  inten- 
sity or  brilliancy  on  keeping,  and  should  colour  paper  a 
brilliant  black.  Inferior  inks  lack  either  blackness  or 
brilliancy,  or  both. 

A  practical  test  of  the  quality  of  an  ink  made  from  pine 
soot^  was  recommended  by  JuHen*  This  consisted  in 
leaving  a  fragment  in  water,  and  noting  the  time  before  it 
rose  to  the  surface.  The  better  the  quality  the  longer  the 
ink  was  said  to  remain  submerged. 

Practical  Tests— We  submitted  several  of  the  different 
grades  of  Chinese  ink  to  practical  tests,  first  of  all  re- 
ducing each  to  powder,  and  immersing  o.i  grm.  in  lo  c.c. 
of  water.  It  soon  became  apparent  that  the  better-class 
inks  were  far  more  readily  soluble  in  cold  water  than  were 
the  cheaper  kinds,  some  of  the  latter  hardly  colourino- 
the  fluid  after  some  hours'  soaking.  The  various  samples 
were  then  put  in  a  water-bath  and  raised  to  the  boiling- 
point,  but  the  cheaper  grades  were  still  more  refractory 
than  the  others,  and  required  to  be  rubbed  down  in  a 
mortar  before  the  particles  of  carbon  were  diffused  in  the 
liquid.  After  allowing  the  containing  bottles  to  rest  for 
an  hour,  it  was  found  that  the  sediment  of  the  best  samples 
of  ink  was  of  a  much  finer  character  than  that  of  the 
others. 

Our  next  experiment  was  to  test  the  tinctorial  value  of 
the  different  samples  by  applying  the  solutions  to  What- 
man paper,  first  of  all  with  a  full  brush  covering  a  long 
strip  of  paper  while  it  was  pinned  on  a  sloping  dra wilier— 
board.  Each  strip  of  paper  was  treated  with  a  diflferent 
sample  of  ink,  and  when  the  first  coat  was  dry,  a  second 


*  Ann.  de  Chim.,  1833,  liii.  314. 
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was  applied,  not  covering  the  whole  of  the  strip,  but 
leaving  a  small  portion  at  the  end  with  the  first  coating 
untouched.  A  third,  fourth,  and  fifth  coat  followed,  each 
falling  short  of  the  preceding  one,  until  at  the  end  of  the 
strip  a  strong  black  represented  the  sum  of  all.  A  glance 
at  the  results  at  once  showed  the  advantage  of  employing 
the  better  class  of  ink,  for  the  cheaper  kinds  were  by 
comparison  lacking  in  covering  power,  and  there  were 
present  particles  of  carbon  which  gave  rise  to  streaks 
under  the  brush.  The  best  inks  worked  far  more  smoothly 
than  the  inferior  kinds,  and  opacity  was  reached  with 
fewer  washes.  And  from  what  has  been  already  stated  it 
will  be  evident  that  in  the  better  class  of  material  the 
labour  of  rubbing  down  the  pigment  from  the  solid  stick 
is  reduced  to  a  minimum.  From  our  examination  of  the 
sediment  formed  in  the  inks  under  examination,  it  would 
seem  that  in  the  better  grades  lamp-black  of  much  finer 
quality  is  employed  than  is  used  in  the  manufacture  of  the 
cheaper  kinds. 

These  sticks  of  Chinese  ink  are  exceedingly  brittle,  and 
those  rendered  unsaleable  by  breakage  are  commonly 
ground  up  in  water  to  form  the  liquid  ink  so  much 
employed  by  draughtsmen  and  artists  in  "  black  and 
white." 

Chemical  Composition  of  Commercial  Indian  Inks. 

— The  specimens  of  the  four  grades  of  ink  submitted  to 
the  practical  tests  described  above  gave  the  following 
results  on  analysis : 


Inilian  Ink. 

Water, 
rer  cent. 

Carbon 
residue. 

Per  cent. 

Xitrogen 

in 
residue. 

Per  cent. 

Nitrogen 
in 

Original 
Ink. 

Per  cent. 

Asli. 
Per  cent. 

I.  Octagonal  stick  . 

8.10 

53-9 

0.0 

7-74 

4.C8 

II.  Lion    stick,  tine 

letters 

7.20 

52.53 

4.87 

3-69 

III.  Lion  stick,  coarse 

letters 

9-93 

49.64 

7.26 

4.96 

IV.  Small  stick,  coarse 

letters 

9.40 

57-04 

6.84 

4.01 
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The  fact  that  the  residue  left,  on  extracting  the  soluble 
substances  with  hot  water,  is  free  from  nitrogen,  affords 
simple  means  of  distinguishing  between  Indian  ink  and 
pure  sepia  (see  p.  22). 

3.  Carbon  Writing  Inks. 

Ancient  Carbon  Inks. — ^The  characters  on  Egyptian 
papyri  and  in  Latin  and  Greek  MSS.  are  frequently  much 
dai'ker  and  more  distinct  than  those  written  centuries  after 
with  modern  iron-gall  ink.  The  latter  can  be  readily 
destroyed  by  various  chemical  agents,  such  as  acids  and 
bleaching  agents,  and  their  permanency  is  also  largely 
dependent  on  the  relative  proportion  of  iron  and  tannin  in 
the  ink,  and  on  the  manner  in  which  they  have  been  kept. 

Astle,  who  was  Keeper  of  Records  in  the  Tower  of 
London,  and  thus  had  exceptional  opportunities  of  study- 
ing MSS.  of  all  ages,  found  that  the  black  ink  used  by  the 
Anglo-Saxons  in  documents  of  the  seventh,  eiglith,  ninth, 
and  tenth  centuries  had  preserved  its  original  intensity 
much  better  than  that  used  at  later  periods,  especially  in 
the  sixteenth  and  seventeenth  centuries,  which  was  fre- 
quently very  faint.  It  was  rare  to  find  faded  writing  in 
documents  before  the  tenth  century.  AsUe  *  came  to  the 
conclusion  that  this  was  due  to  the  earlier  inks  containing 
carbon  ;  but  Blagden,  on  testing  the  writing  with  potas- 
sium ferrocyanide,  found  that  iron  was  present  in  every 
instance.! 

It  is  impossible  to  determine  the  exact  period  when 
carbon  inks  were  replaced  by  iron-gall  inks,  thoagh  it  was 
probably  early  in  the  present  era  (ef.  Historical  Introduc- 
tion). 

The  ink  of  the  Greeks  and  Latins,  like  the  modern 
Oriental  inks,  was  a  mixture  of  finely  divided  carbon  with 
a  solution  of  gum  or  glue,  sufficientl}''  dilute  to  flow  from 
a  reed.  In  reality  they  were  only  modifications  of  the 
Chinese  inks  described  above,  and  in  some  cases  were  even 
dried  before  use.    Thus  Vitruviusl  states  that  atrameyi- 

*  Origin  of  Writing,  1803,  p.  209. 

t  Trans.  Roy.  Soc,  1787,  Ixxvii,  [ii.]  451. 

X  Lib.  vii.  §  10. 
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turn  was  pi'epared  from  the  soot  of  pitch  pine  collected  on 
the  walls  of  a  marble  chamber,  mixed  with  gum  (glutinum) 
and  dried  ;  and  Dioscorides  *  gives  the  proportions  of  soot 
to  gum  as  three  to  one. 

Evidently  the  brilliancy  of  the  black  deposit  and  the 
more  fluid  character  of  iron-gall  inks  led  to  their  gradually 
superseding  carbon  inks  for  writing  purposes,  of  which  no 
mention  is  made  in  mediaeval  literature. 

It  is  true  that  Wecker  in  1582  gave  a  formula  for  an 
atramentum  iJerpetuum,  but  this  was  really  a  printing  ink 
consisting  of  linseed  oil  and  lamp-black,  and  there  is  no 
reference  to  an  aqueous  carbonaceous  ink  in  his  book  or  in 
that  of  Cann&parins  ( 1 660). 

Modern  Carbonaceous  Inks. — Lewis  ^  in  1764  made 
various  suggestions  for  rendering  ink  more  permanent, 
some  of  which  are  described  more  fully  in  chap.  xiv. 
His  principal  plan  was  to  add  finely  divided  lamp-black  or 
ivory  black  to  a  good  iron-gall  ink,  but  such  ink  could  be 
bleached  by  chemical  means  to  destroy  the  gall  ink  and 
then  washed  with  water  to  remove  the  carbon. 

Other  chemists  have  made  use  of  an  essential  oil,  or  of  a 
varnish  or  saponified  resinous  substance,  or  a  solution  of 
gluten,  to  retain  the  carbon  in  suspension.  Of  various  old 
formulas  on  these  lines  mention  may  be  made  of  the 
following : — 

Westrumb's  Inlc-X — Galls,  3  parts ;  Brazil  wood,  i  part ; 
water,  46  parts.  Boil  until  reduced  to  32  parts.  Strain 
and  add  ferrous  sulphate,  i|  part  ;  gum  arable,  i\  part; 
indigo,  I  \  part ;  and  lamp-black,  |  part. 

Close's  liik.^ — Powdered  copal  (25  parts),  in  lavender 
oil  (200  parts),  mixed  with  lamp-black  {2I  parts),  and 
indigo  (i-  part).  If  too  thick  the  ink  was  thinned  with 
turpentine. 

Sheldral'e's  Ink.\\ — A  mixture  of  asphalt  dissolved  in 
turpentine  with  amber  varnish  and  lamp-black.  The  whole 
question  of  the  best  means  of  rendering  writing  safe  from 
attempts  to  remove  it  is  discussed  in  chap.  xiv. 


*  Opera,  lib.  v.  cap.  183.  t  loc.  clt. 

%  Nicholson's  Jouni.  of  Nat.  PliUosoph.,  1802,  iv.  479. 
§  Nicholson's  Diet,  of  Cliem.,  1820.  ||  Ibid. 


CHAPTER  II. 


TANNIN  MATERIALS  FOR  INKS. 

Contents. — Galls:  Origin — Aleppo  galls — Chemical  composi- 
tion—Chinese  galls — Chemical  composition — Japanese  galls- 
Acorn  galls — Oak-apple  galh — Other  galls— Tannins — Classi- 
fication of  tannins — Suitability  of  tannins  for  ink-making — 
Chestnut  bark  and  wood — Chestnut  extract — Chestnut 
tannin— Ink  from  chestnut  wood — Sumach — Sumach  tannin 
• — Ink  from  sumach — Divi-divi — Divi-divi  tannin — Ink  from 
divi-divi  —  Myrobalans  —  The  tannin  of  myrobalans  — 
"Valonia — The  tannin  of  valonia — Ink  from  valonia — Oak- 
bark  tannins— Reactions  of  oak  tannins — Amount  of  tannins 
in  oak  bark — Ink  from  oak  bark — Gallotannic  acid — Fer- 
mentation of  gallotannic  acid — Properties — G-allic  acid — 
Properties — Reactions  distinguishing  between  gallotannic  and 
gallic  acids. 

Galls. 

Origin. — Curious  vegetable  excrescences,  known  as  galls, 
are  frequently  formed  upon  the  branches,  shoots,  and 
leaves  of  trees,  and  especially  upon  the  oak.  They  are 
produced  by  the  female  of  certain  species  of  insects,  of 
which  the  best  known  are  the  hymenopterous  gall-wasps 
{Cynipidce),  which  puncture  the  young  tissues  and  deposit 
their  eggs.  Under  this  stimulus  the  plant  juices  accumu- 
late at  the  point  of  puncture,  and  a  gall  is  gradually 
formed,  which  serves  as  the  home  of  the  larva.  It  is  pos- 
sible that  some  virus  injected  simultaneously  with  the  egg 
plays  a  part  in  the  development  of  the  gall,  but  the  main 
essential  appears  to  be  the  presence  of  the  living  larva. 
Should  the  egg  of  the  insect  perish  from  any  cause  no  gall 
is  formed,  or  if  the  larva  dies  the  gall  ceases  to  grow. 

Galls  vary  greatly  both  in  size  and  shape,  some,  e.g.,  the 
Calif ornian  "  flea  seed,"  being  very  minute,  whilst  others, 
like  the  large  galls  on  the  roots  of  certain  oaks,  are  several 
inches  in  diameter.    Some  galls  are  round  and  smooth  like 
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the  English  oak-apples ;  others,  like  the  Aleppo  galls,  are 
crowned  with  protuberances ;  whilst  others  again  assume 
fantastic  forms,  as  in  the  case  of  the  "artichoke  gall" 
found  on  certain  French  oaks,  the  curious  English  galls 

shown  in  Figs,  ii,  12,  and 
13,  and  the  Chinese  and 
Jjjipanese  galls  (Figs.  17  and 
18).  The  forms  and  colours 
of  the  different  kinds  of 
galls  are  remarkably  con- 
stant, and  afford  a  means  of 
distinguishing  between  the 


Fig.  II. — English  double 
oak-apple  gall. 


Fig.  12. — English  oak  gall.  Fig.  13.— English  gall. 

insects,  often  of  very  similar  appearance,  that  produce 
them. 

In  the  majority  of  cases  galls  contain  only  one  larva, 
and  are  described  as  "  monothalamouSj"  whilst  others 
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afford  shelter  and  food  to  a  colony  of  larvae,  and  the  term 

polythalamous  "  is  applied  to  them. 

Aleppo  Galls. — The  ordinary  nut-galls  of  commerce  are 
commonly  known  as  Aleppo,  Turkey,  or  Levant  galls. 
They  are  produced  by  the  female  of  a  gall  wasp,  CgnijJS 
gallm  tinctorial,  npon  the  branches  of  a  small  oak,  Quercus 
infectoria,  which  is  abundant  on  the  Syrian  coast,  and  on 
the  east  of  the  River  Jordan.  The  insect  pierces  its  way 
out  of  the  gall  after  five  to  six  months,  and  the  unin- 
habited galls  are  then  known  as  white  galls,  from  their 
pale  colour.  These  contain  considerably  less  tannin  than 
galls  which  still  enclose  the  larva,  and  have  therefore  a 


Fig.  14. — Green  Fig.  15.— White         Fig.  16. — Section 

Aleppo  gall.  Aleppo  gall.  of  white  gall. 

smaller  commercial  value.  The  best  galls  are  selected 
ahead  and  harvested  before  the  insect  escapes,  and  from 
their  colour  are  known  as  blue  or  gi^een  galls. 

The  value  of  a  given  sample  of  galls  depends  to  a  large 
extent  upon  the  proportion  of  white  galls  it  contains. 
Hence,  fraudulent  attempts  are  sometimes  made  to  arti- 
ficially close  the  holes  left  by  the  insect,  and  so  make  the 
galls  to  appear  to  still  contain  the  larva.*  A  section  of 
the  nut  would  readily  detect  this  fraud  (see  Fig.  16). 
Aleppo  galls  vary  somewhat  in  size,  but  usually  average 
from  8  to  15  mm.  in  diameter.  They  are  globular  or 
]iear-shaped,  and  are  crowned  with  numerous  tubercles 
(Fig.  13).    The  colour  ranges  from  greenish  black  to  pale 


*  Allen,  Cuinmevcial  Orqan.  Anal. 
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yellowish  green,  whilst  the  interior  is  pale  brown  or 
yellowish  green. 

The  appearance  of  %vhite  galls  is  shown  in  Fig.  15,  and 
in  section  in  Fig.  16,  the  latter  showing  the  small 
canal  through  which  the  insect  made  its  way  to  the 
surface. 

When  a  thin  section  of  an  inhabited  gall  is  examined 
under  the  microscope  it  is  seen  to  consist  of  an  external 
layer  of  small  cells,  forming  a  sort  of  bark  :  beneath  these 
are  cellular  layers  of  parenchyma,  some  of  the  cells  con- 
taining tannin  and  chlorophyll  ;  then  come  radial  cells 
surrounding  the  central  cavity,  in  which  lies  the  larva  in 
the  midst  of  an  alimentary  mass. 

Smyrna  galls  appear  to  be  a  commercial  variety  of 
Aleppo  galls,  being  somewhat  larger  and  darker  in  colour, 
and  often  containing  a  larger  proportion  of  white  galls. 

Chemical  Composition. — By  treating  500  grains  of  the 
best  Aleppo  galls  with  distilled  water,  Davy*  obtained  an 
infusion  of  specific  gravity  1.068,  containing  185  grains 
of  solid  matter,  consisting  of  70.27  per  cent,  of  tannin  ; 
16.75  per  cent,  of  impure  gallic  acid  ;  6.48  per  cent,  of 
gum  and  other  extractives;  and  6.50  per  cent,  of  salts  of 
calcium  and  other  metals.  From  the  results  of  tannin 
determinations  made  by  later  chemists  there  appears  to 
be  little  doubt  that  Davy  had  not  extracted  the  whole  of 
the  soluble  constituents  of  the  galls,  for  on  this  basis  the 
insoluble  woody  fibre  amounts  to  63  per  cent,  of  the  total 
substance. 

In  1845  Guibourt\  made  a  very  exhaustive  examination 
of  Aleppo  galls ;  and  his  results,  still  quoted  as  final  in 
text-books,  are  as  follows:  Tannin,  65.00;  gallic  acid, 
2.00 ;  ellagic  and  luteogallic  acids,  2.00 ;  chlorophyll, 
0.70;  brown  alcoholic  extract,  2.50;  gum,  2.50  ;  starch, 
2.00;  woody  fibre,  10.50;  sugar,  proteid,  potassium  and 
calcium  salts,  1.30;  and  water,  11.50  per  cent. 

A  later,  though  less  complete,  analysis  is  that  of  W atson 
Smith,  who  found  Aleppo  galls  to  have  the  following 
composition:  Tannin,  61.65;  gallic  acid,  1.60;  woody 

*  Trans.  Roy.  Soc,  1803,  xciii.  233. 

t  Archil:  der  Pharm.,  1846,  li.  190;  Hist.  Xat.  des  Drogue-s  1849,  u. 
p.  286. 
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fibre,  15.68;  water,  12.32;  and  colouring  matter  and 
loss,  8.75  per  cent. 

Bitchfier*  obtained  the  following  amounts  of  extractive 
matter  by  treating  the  powdered  galls  with  different 
solvents :  . 

Ter  cent. 

Substances  extracted  by  ether  .       .       .       .  77.00 
„  „        by  ether  and  alcohol      .  80.40 

,,  ,,        by  cold  water  .       .       .  86.50 

A  specimen  of  commercial  nut-galls  examined  by  us 
contained  '  44  per  cent,  of  tannin,  determined  as  gallo- 
tannic  acid  by  the  method  described  in  chap.  iii. 

Chinese  Galls. — The  curious  variety  of  galls  exported 
from  China  are  not  formed  by  a  gall- wasp  like  most  of 
the  commercial  galls,  but  are  produced  by  a  small  aphis 
(Aphis  Chinensis)  upon  the  leaf,  stalks,  and  shoots  of  Bhus 
semialata,  a  tree  growing  abundantly  in  sandy  places  in 
Northern  India,  China,  and  Japan. 

The  aphis  is  about  ^  of  an  inch  in  length  by  about 

in  breadth  at  the  base  of  the  abdomen,  which  gradually 
widens  out  from  the  thorax  (see  Fig.  19,  p.  45). 

The  gall  is  at  first  dark  green,  and  gradually  changes 
to  yellow  before  the  larva  escapes  through  the  walls 
bursting  open,  the  Chinese  peasants  collecting  them 
shortly  before  the  change  takes  place.  The  aphides  are 
killed  by  exposing  the  galls  in  osier  baskets  to  the  action 
of  steam. 

The  gall  is  naturally  covered  with  a  light  powder 
termed  "  salt  powder"  by  the  Chinese,  and  used  by  them 
for  flavouring  soup  and  as  a  medicine. f  As  imported 
into  Europe  the  galls  are  pale  grey  in  colour,  and  have  a 
hornlike  appearance,  and  a  curious  odour  resembling  that 
of  freshly  tanned  leather  (Uepivoi-th  and  Mitchell).  They 
vary  greatly  both  in  size  and  in  form,  but  a  characteristic 
shape  is  shown  in  Fig.  17.  They  have  a  horn-like  texture, 
and  when  broken  open  present  a  hollow  interior  contain- 
ing a  little  chalk-like  dust  with  darker  particles,  which 
when  examined  under  the  microscope  are  seen  to  be  dried 
aphides. 

*  RejKf.  Pharm.,  1851  [3],  vii.  313. 
f  Pereira,  Pharm.  Journ.,  1844,  iii.  384. 
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According  to  von  Behling*  an  average-sized  gall  contains 
more  than  3000  aphides,  and  by  treating  the  d(^bris  with 
warm  water  these  swell  up  to  about      of      i^^ch  in  size. 

Da  Halde\  gives  a  description  of  these  galls,  which, 
he  states,  are  termed  ou-poey-tse  by  the  Chinese  and  are 
used  by  them  in  the  preparation  of  various  medicinal 
compounds.  He  also  states  that  their  formation  is  due 
to  a  small  insect. 

Chinese  galls  were  first  imported  into  Europe  in  the 
eighteenth  century  under  the 
name  of  "  Oreilles  des  Indes," 
but  they  did  not  become  a  regu- 
lar article  of  commerce  until 
about  1850.  They  are  now 
largely  used  in  Germany  and 
America  as  the  raw  material  for 
the  manufacture  of  tannic  acid, 
and  they  form  one  of  the  princi- 
pal and  cheapest  tannin  materials 
for  the  manufacture  of  ink.  In 
fact,  according  to  Dieterich,X  gall 
inks  are  now  prepared  from  them 
almost  exclusively  in  Germany. 

Biichner  |  compared  their  com- 
mercial valuewith  that  of  ordinary 
gall-nuts.  In  1851  good  average 
blue  Aleppo  galls  cost   lOOS.  to  Fig.  17.— Chinese  gall. 

105.S.  per  cwt.,  whilst  Chinese  galls 

fetched  65.S.  to  68s.  per  cwt.  Thus,  taking  into  account 
the  amount  of  readily  soluble  tannin  in  the  latter,  they 
were  i  \  to  li  times  cheaper  than  Aleppo  galls. 

Chemical  Composition. — Specimens  of  Chinese  galls  were 
examined  in  1817  hj  Brande,\\  who  found  them  to  yield 
75  per  cent,  of  soluble  matter  to  cold  water,  the  residue 
consisting  of  woody  fibre  with  4  per  cent,  of  resinous 
matter  soluble  in  alcohol.    The  residue  from  the  aqueous 

*  AfcMv.  f.  C/ieni.,  1855,  cxxxi.  280. 

t  Description  de  V Empire  de  la  Chine,  1735,  p.  496. 

X  Fharm.  Manual,  1897,  p.  680. 

§  Bep.  f.  Pharm.,  1851  [3],  vii.  329. 

II  Trans.  Roy.  Soc,  1817,  cvii.  39.- 


42        INKS  AND  THEIR  MANUFACTURE 


extract  was  found  to  consist  mainly  of  tannic  acid  with  a 
little  gallic  acid. 

From  the  absence  of  extractives  (gums,  &c.),  Brande 
concluded  that  these  galls  would  not  be  suitable  for 
tanning  purposes,  and,  in  fact,  he  found  that  leather 
prepared  with  them  was  very  brittle  when  dried.  On  the 
other  hand,  he  found  this  property  rendered  them  par- 
ticularly suitable  for  the  manufacture  of  ink,  and  the  ink 
prepared  from  them  proved  to  be  less  liable  to  become 
mouldy  than  that  from  ordinary  galls. 

In  1849,  Stein*  described  a  variety  of  Chinese  galls 
as  possessing  an  odour  of  tobacco,  and  containing  the 
following  constituents:  Ash,  2. CO;  tannic  acid,  69.14; 
other  tannins,  4.0  ;  green  saponifiable  fat,  0.97  ;  starch, 
8.20;  woody  fibre,  4.9;  and  "inert"  matter,  12.96 
per  cent. 

The  tannin  was  completely  extracted  by  boiling  the 
jDOwdered  galls  three  times  with  eight  times  their  weight 
of  water.  It  was  regarded  by  Stein  as  identical  with  the 
tannin  of  ordinary  galls. 

The  ash  contained  potassium,  calcium,  magnesium, 
iron,  chlorine,  and  phosphoric  acid. 

Bley'sf  results  are  similar  to  those  of  Stein,  viz.,  gallo- 
tannic  acid,  69.0;  resin  and  fat,  3.0;  gallic  acid,  ex- 
tractives and  protcids,  4.0 ;  starch,  7.35;  woody  fibre, 
8.65  ;  and  water,  8.0  per  cent. 

Biichner''sX  analysis  in  1851  gave  the  following  results  : 
Tannic  acid,  76.97;  fat  and  resin,  2.38;  extractives 
soluble  in  water  and  some  salts,  0.89  ;  gums  and  salts, 
5.94;  and  starch,  woody  fibre  and  mineral  inatter,  13.82 
per  cent.,  calculated  upon  the  substance  dried  at  100°  0. 

When  extracted  with  ether  these  galls  yielded  79.35  per 
cent,  of  soluble  matter,  of  which  76.97  per  cent,  (on  the 
original  substance)  dissolved  in  water.  Biichner  was 
unable  to  confirm  Stein's  conclusion  as  to  the  presence  of 
other  tannins  in  addition  to  gallotannic  acid.  He  also 
came  to  the  conclusion  that  the  tannic  acid  was  identical 
with  that  of  oak-bark,  and  that  gallic  acid  was  only  pre- 

*  Dinffler's  -polyt.  Jonr/i.,  1849,  cxiv.  433. 
t  Archil,  d.  Pharm.,  1850,  cxi.  297. 
X  Joe.  cit.  p.  323. 
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sent  in  the  galls  in  very  small  proportion.  The  mineral 
matter  was  found  to  consist  principally  of  magnesium 
phosphate. 

Tannic  Acid. — The  proportion  of  tannic  acid  found  by 
iStein,  Blcy,  and  Biichner  is  substantially  the  same  when 
calculated  upon  the  dried  substance,  viz.,  Stein,  79.43  per 
cent..;  Blei/,  75  per  cent. ;  and  Biichner,^  76.g'/.  _ 

Viedt  *  gives  the  proportion  of  tannic  acid  in  Chinese 
galls  as  about  72  per  cent.,  whilst  IsJiikama  t  found  77.4 
per  cent. 

Samples  recently  analysed  by  the  authors  :j:  have  given 
the  following  results:  Moisture,  10.70;  ash,  1.43;  and 
substances  soluble  in  water,  78  per  cent.  The  tannin 
determined  by  Procter's  method  was  68  per  cent. 

Viedt  {loc.  cit.)  asserts  that  Chinese  galls  do  not  contain 
tlie  necessary  ferment  for  the  conversion  of  the  gallo- 
tannic  acid  into  gallic  acid,  and  that  therefore  they  cannot 
be  used  for  the  manufacture  of  ink  unless  a  small  propor- 
tion of  Aleppo  galls  or  of  yeast  be  added  to  the  infusion. 

We  are  unable  to  confirm  Viedfs  statement,  which  is 
also  altogether  at  variance  with  the  results  obtained  by 
■van  Tieghem,^  who  has  clearly  demonstrated  that  the  con- 
version of  tannic  acid  into  gallic  acid  is  brought  about  not 
by  a  pre-existing  ferment,  but  by  the  action  of  certain 
mould  fungi. 

We  have  prepared  ink  by  adding  ferrous  sulphate  to  a 
decoction  of  Chinese  galls  without  any  addition  of  either 
yeast  or  other  galls,  and  found  that  it  behaved  just  like 
ordinary  gall  ink,  giving  a  writing  which  rapidly  became 
black  on  exposure  to  the  air. 

Moreover,  insoluble  deposits  formed  on  exposing  the 
ink  to  the  air,  and  these  deposits  contained  6.86  to  7.56 
per  cent,  of  iron,  results  very  near  to  those  obtained  with 
ink  from  gallotannic  acid  or  ordinarjr  Aleppo  galls. 

Japanese  Galls. — These  galls  are  closely  allied  to  the 
Chinese  galls,  and  are  frequently  stated  to  be  identical 
with  them.    They  are  produced  by  Ckinensis,  or  an 

*  Dingier'' s  pohjt.  Journ.,  1875,  ccxvi.  453. 
t  Chem.  JVeivs,  1880,  xlii.  274. 
X  Unpublished. 

§  Cviiijjtes  Jlendvs,  1867,  Ixv.  1091. 
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allied  aphis  upon  the  shoots  of  Rhus  japonica  (Siebold)  or 
Rhus  javanica  (Murray).  (See  Fig.  20,  p,  45.)  They 
must,  however,  be  regarded  as  at  least  a  distinct  variety, 
and  in  fact  they  are  so  recognised  in  commerce,  though 
for  ink  manufacture  the  two  varieties  are  used  indis- 
criminately. According  to  Procter  *  the  Japanese  galls 
are  smaller  and  paler,  and  are  usually  more  esteemed. 

Ishikama  t  states  that  considerable  quantities  of  Chinese 
galls  were  formerly  imported  into  Japan,  but  that  in  i88c> 
only  the  native  product  was  used.  The  Japanese  galls 
(Kibushi)  are  plucked  from  the  trees  between  July  and 
September,  and  are  placed  in  boiling  water  in  Avooden 

tubs  for  thirty  minutes,  and 
then  dried  in  the  sun  for 
three  to  four  days.  They  are 
stored  in  warehouses  in 
Kiyoto,  often  for  several 
years,  before  being  used. 
The  reactions  given  by  the 
tannin  they  contain  are  iden- 
tical with  those  of  ordinary 
gall-nut  tannic  acid. 
Fig.  18.— Japanese  gall.  The  amount  of  tannin  de- 

termined by  the  permangan- 
ate process  in  seven  samples  of  different  ages  up  to  eight 
years  ranged  from  58.82  to  67.7  per  cent.  The  old  galls 
were  very  brittle,  and  gave  much  darker  decoctions  than 
the  fresh  galls,  but  did  not  contain  less  tannin. 

The  commercial  Japanese  galls  that  we  have  had  the 
opportunity  of  examining  ^  undoubtedly  differed  both  in 
size  and  shape  from  the  Chinese  product,  were  also  softer, 
and  had  very  much  thinner  walls.  A  typical  Japanese 
gall  is  shown  in  Fig.  18.  These  galls  contained  10.46  per 
cent,  of  moisture,  1.96  per  cent,  of  mineral  matter,  and 
yielded  50  per  cent,  of  tannin  when  boiled  for  three  hours 
with  successive  portions  of  water. 

Mr.  R.  M.  JPrideaux,  who  has  kindly  made  a  micro- 
scopical examination  of  the  debris  in  some  of  these  Chinese 

*  Text-hooh  of  Tanning,  p.  28.  * 
t  Chem.  News,  1880,  xlii.  275. 
X  Unpublished  results. 
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and  Japanese  galls,  informs  us  that  the  two  aphides  are 
not  demonstrably  of  different  species.  Those  from  the 
Chinese  galls  were  uniformly  smaller  than  those  from  the 
Japanese  galls,  and  lacked  the  rudimentary  wings  of  the 
latter ;  but  it  would  be  necessary  to  follow  out  the  entire 
life  history  of  both  in  the  growing  galls  before  being  able 
to  determine  with  any  certainty  the  specific  value  of  the 
differences  observed  in  the  dead  debris.  (See  Figs.  19 
and  20.) 

Acorn  Galls  {Knoppern). — These  galls,  also  known  as 
Fiedmontesc  galls,  are  produced  by  the  female  of  CyniiJS 


Fig.  19.^ — Aphis  from  Fig.  20.— Aphis  from 

Chinese  gall,    x  18.  Japanese  gall,    x  18. 


quercus-calicis  on  different  oaks  {Q.  pedunpulata,  Q.  sessi- 
flora,  &c.),  in  the  forests  of  Austria  and  Hungary,  espe- 
cially in  Dalmatia,  Slavonia,  and  Croatia.  It  is  a  large 
gall,  35  to  50  mm.  in  length,  by  35  to  40  mm.  in  breadth, 
resembling  Aleppo  galls  in  having  a  crown  of  five  or  six 
points  at  the  top.  The  interior  is  spongy,  and  has  a 
spheroidal  chamber  containing  the  larva  in  the  centre. 
This  gall  is  the  same  as  the  pomme  de  Chene  of  Eeaumur* 
The  galls  are  collected  from  August  to  October,  after 
they  have  fallen  from  the  trees, ,  and  are  sold  either  whole 
or  in  the  form  of  powder,  or  as  an  extract.  They  contain 
less  than  45  per  cent,  of  tannin,  which,  according  to  Zdwe,'\ 
is  the  same  as  that  of  other  galls,  giving  analytical  results 
corresponding  with  the  formula,  C^^H^o^g- 

*  Diet,  des  Scieiices  Medicales,  art.  "  Galles." 
t  Zelt.  anal,  Chem.,  1875,  4^- 
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Eitncr  *  made  an  examination  of  the  Knoppern  collected 
in  1884  in  different  districts  of  Austria,  and  found  them 
to  contain  about  12  per  cent,  of  moisture,  whilst  the  pro- 
portion of  tannin  ranged  from  23.94  to  35.02  per  cent. 

Knoppern  galls  are  sometimes  used  in  the  manufacture 
of  ink,  though  according  to  Viedt  f  their  use  is  not  com- 
mon, probably  owing  to  their  comparatively  low  propor- 
tion of  tannin. 

A  similar  gall  is  also  produced  on  the  Quercus  infectoria 
of  Asia  Minor,  but  is  spherical,  and  has  the  tubercles 
round  the  centre  instead  of  at  the  top. 

Oak- Apple  Galls. — The  common  galls  known  in  England 
as  oak  apples  are  produced  by  a  species 
iifflir-  Cynip)S  on  the  branches  of  the  oak, 

m  ^tf^"  \  Quercus  rohur,  and  appear  to  be  closely 
J  \    allied  to,  if  not  identical  with,  the  galls 

I^^H"^  I    formed  on  that  oak  throughout  Central 

■^^^R     '3  Europe. 

I    ^^^^^  They  are  perfectly  spherical  (see 

I  ^mem^  pig^  21),  and  of  a  light  greyish-green 
M  or  reddish  colour. 

■  British  galls  contain  very  much  less 

Fig.  21.— Oak-apple     tannin  than  Aleppo  galls,  and  generally 
gall.  less    than    Knoppern.     BraitJuoaite  X 

obtained  only  an  insignificant  amount 
from  Devonshire  galls,  but  did  not  state  what  method  of 
determination  he  employed. 

In  1856  Vinen^  made  an  examination  of  the  galls  pro- 
duced hj  Cynips  (juercus  petioli,  after  the  escape  of  the 
insect.  100  parts  of  the  galls  digested  with  ether  and 
water  gave  26.74  parts  of  extract,  containing  17  parts  of 
tannic  and  gallic  acids.  According  to  Vinen  these  galls 
were  at  that  time  used  in  Devonshire  for  the  manufacture 
of  ink. 

In  1847-48  the  oaks  in  East  Devonshire  became  in- 
fected with  Cynips  Kollari  (Eig.  22),  and  the  galls  also 
appeared  suddenly  in  i860  in  great  quantities  in  the  woods 

*  B'mgler's  2}ulyt.  Journ.,  1885,  cclv.  485. 
t  Ihid.  1875,  ccxvi.  453. 
1  Plburm.  Juuvn.  Trans.,  1855,  xv.  544. 
§  Ihid.  1856,  xvl.  137. 
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to  the  North  of  London.  According  to  If  Urhan*  these 
galls  contained  a  considerable  amount  of  tannin  and  made 
excellent  ink. 

As  there  was  considerable  doubt  as  to  the  commercial 
value  of  British  galls,  and  conflicting  statements  had  been 
published  as  to  the  amount  of  tannin  contained,  Jiidd 
made  a  series  of  experiments  on  galls  at  different  seasons, 
the  tannin  being  precipitated  in  each  case  by  means  of 


Fig.  22. — Gall  wasp  {Cynips  Kollan).  x  5^. 

alum  and  gelatin.  He  found  that  old  galls  hanging  on 
the  trees  in  December  contained  on  the  average  15.97  P®^' 
cent,  of  tannin,  whilst  mature  imperforated  galls  gathered 
in  Angnst  contained  on  the  average  17.65  per  cent.,  and 
half-developed  and  shrivelled  galls  13.44  per  cent. 

An  ink  of  average  quality  was  prepared  from  the  old 
perforated  galls. 

An  analysis  of  a  specimen  of  Cheshire  galls  made  by 
Watson  Smith  in  1869  gave  the  following  results  :  Tannin, 

■  *  Pharm.  Joum.  Trans.,  1863,  xxii.  520. 
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26.71;  gallic  acid,  trace;  woody  fibre,  47.88;  moisture, 
20.61  ;  and  colouring  matter  and  loss,  4.80  per  cent. 

Specimens  of  old  oak-apple  galls  collected  by  us  during 
the  winter  in  Surrey  contained  only  1 1  per  cent,  of  tannin 
as  determined  by  Prode^^'s  hide-powder  method,  but  when 
examined  by  a  colorimetric  method  the  amount  of  gallic 
and  tannic  acids  in  terms  of  gallotannic  acid  was  30.7 
per  cent. 

These  galls  yielded  a  good  ink,  and  there  seems  to  be  no 
reason  why  English  galls  should  not  be  used  in  admixture 
with  the  richer  foreign  varieties  by  ink  manufacturers. 

The  French  galls  sometimes  met  with  in  commerce  are 
slightly  larger  than  ordinary  oak-apples,  which  they 
closely  resemble  in  general  appearance.  They  are  formed 
upon  the  shoots  of  Quercv.s  ilex  in  Mediterranean  districts. 
Probably  some  of  the  varieties  of  Punjab  galls  are 
obtained  from  this  species  of  oak. 

Other  Varieties  of  Galls. — There  are  numerous  other 
kinds  of  galls,  some  of  which  are  of  considerable  impor- 
tance as  tanning  materials,  but  they  do  not  appear  to  have 
been  used  in  the  manufacture  of  ink,  though  probably 
some  of  them  would  be  suitable  for  the  purpose. 

The  small-crowned  Aleppo  galls,  which  are  occasionally 
found  mixed  with  ordinary  Aleppo  galls,  are  also  pro- 
duced upon  Quercus  infeetoria,  but  by  a  different  insect 
{C.  polycera).  They  are  about  the  size  of  a  pea,  and  have 
a  circlet  of  small  projections  at  the  top. 

Pistachio  galls  are  produced  by  Anopleura  lentisci  on 
plants  of  the  ^jistocm  order,  and  are  exported  from  Bok- 
hara together  with  pistachios.  They  are  red  galls,  about 
the  size  of  a  cherry,  and  have  a  characteristic  taste. 

Mecca  or  Bassorah  galls  are  produced  upon  an  oak  by 
Cynips  insana.  According  to  an  analysis  by  Blcy*  they 
have  the  following  composition  :  Tannic  acid,  26.00 ; 
gallic,  1.60;  fatty  oil,  0.60 ;  resin,  3.40;  extractives  and 
salts,  2.00  ;  starch,  8.40  ;  woody  fibre,  46.00  ;  and  moisture, 
1 2  per  cent. 

Tamarix  galls,  also  known  as  red  gcdls,  are  formed  on 
Tamarix  orienialis  and  other  plants  of  the  same  order. 


*  Archil-,  der  Fkarni.,  1853,  Ixxv.  [2],  138. 


TANNIN  MATERIALS  FOR  INKS 


49 


They  are  of  a  bright  red  colour,  and  are  about  i  cm.  long 
by  0. 5  cm.  broad.  They  are  extensively  employed  in  dyeing 
and  tanning,  and  in  India  they  are  used  medicinally  by 
the  natives.  Similar  galls  are  produced  on  T.  articulata 
in  Morocco. 

The  galls  formed  on  the  American  "  live  oak,"  Q.  virens, 
contain  40  per  cent,  of  tannic  acid,  and  are  very  similar  to 
Aleppo  galls.  A  soft,  spongy,  and  very  astringent  gall  is 
formed  on  the  Californian  oak,  Q.  lobata* 

Terehinth  galls  are  due  to  the  action  of  aphides  on 
certain  species  of  Terebinthacece  growing  in  the  countries 
bordering  on  the  Mediterranean.  They  are  red  in  colour, 
long  and  flat,  and  have  horn-shaped  projections.  Within 
them  is  a  large  cavity  in  which  fragments  of  the  aphides 
can  usually  be  discerned.  They  contain  a  considerable 
amount  of  tannin  and  a  resinous  juice  that  readily  exudes. 
These  galls  are  sometimes  termed  apples  or  galls  of  Sodom. 

WaUf  states  that  the  galls  produced  upon  Pistacia 
terebinthus  in  India  are  regarded  by  the  natives  as  value- 
less, though  the  leaves  are  used  for  dyeing  and  tanning. 
They  are  sold  in  Bombay  as  pistachio  galls. 

Tannins. 

The  substances  to  which  the  general  name  "  tannin  " 
has  been  applied  are  compounds  possessing  certain  com- 
mon chemical  and  physical  characteristics.  They  are 
widely  distributed  throughout  the  vegetable  kingdom,  and 
it  is  not  improbable  that  many  of  them  are  individual 
substances,  just  as  are  the  different  fatty  acids  that  occur 
in  vegetable  oils. 

When  separated  in  a  state  of  purity  or  approximate 
purity,  tannins  are  odourless  white  or  brown  substances,  with 
a  very  astringent  taste.  They  are  insoluble  in  chloroform 
and  carbon  bisulphide,  but  dissolve  in  water,  alcohol,  and 
ether.  They  yield  blue  or  green  insoluble  compounds  with 
iron  salts,  and  most  of  them  are  precipitated  by  potassium 
chromate.  They  also  usually  combine  with  antimony,  with 
lead,  and  many  other  metals  to  form  insoluble  salts.  With 

*  Trimble,  Tlie  Tannins,  vol.  i.  p.  63. 
f  Diet,  of  Economic  Products. 
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lime  water  they  yield  precipitates  of  varying  colour,  and 
with  gelatin  they  form  an  insoluble  compound  (leather). 

Tannins  are  soluble  in  concentrated  sulphuric  acid,  the 
solution  on  heating  becoming  first  red  (rufigallic  acid),  and 
then  black  (metagallic  acid).  They  are  oxidised  by  nitric 
acid  and  by  potassium  permanganate,  the  latter  reaction 
forming  the  basis  of  a  quantitativemethod  of  determination. 

Classification  of  Tannins. — Tannins  are  frequently 
described  as  "iron-blueing"  or  "iron-greening,"  ac- 
cording to  the  colour  of  the  precipitate  they  form  with 
iron  salts.  This  difference  is  evidently  one  of  constitu- 
tion, for,  as  Stcnhotcse*  first  showed,  one  group  of  tannins 
can  be  converted  into  gallic  acid  and  yield  pyrogallol, 
whilst  the  other  group  does  not  give  these  reactions. 

Thus,  when  heated  to  i6o°  0.,  different  products  of 
decomposition  are  formed,  the  "  iron-blueing  "  tannins,  of 
which  gallotannic  acid  may  be  taken  as  the  type,  yielding 
metagallic  acid  and  pyrogallol,  whilst  the  "  iron-greening  " 
tannins  produce  metagallic  acid  and  catechol. 

Thorpe's  method  of  preparing  pyrogallol  by  heating 
gallotannic  acid  in  glycerin  has  been  used  as  a  qualitative 
test  of  the  nature  of  the  tannin :  i  grm.  of  the  tannin 
is  slowly  heated  to  160"  0.  in  5  c.c.  of  glycerin,  and  the 
temperature  then  raised  to  200-210"  0.  for  20  minutes. 
The  liquid  is  then  diluted  with  10  c.c.  of  water  and  ex- 
tracted with  an  equal  volume  of  ether  (or  extracted  with 
ether  without  previous  dilution,  Trimhle),  and  the  residue 
from  the  ethereal  extract  dissolved  in  water  and  tested  for 
pyrogallol  or  catechol  by  the  following  tests  :f 


Reageut. 

Pyrogallol. 
I  per  ceut.  solutiou. 

Catechol. 
I  per  cent,  solution. 

Ferric  chloride  . 
Ferric  acetate 
Lime  water 
Pinewood  moistened 

with  h}'drochloric 

acid 

Melting-i)oint  . 

Red,  turning  brown. 

Dark  purple. 
Purple,  then  brown. 

No  change. 

131°  c. 

Green  colour. 
Clear  red. 

Violet  colour. 
111°  C. 

*  Mem.  Chem.  Soc,  1842,  i.  133.        j  Trimble,  The  Tannins,  i.  p.  26. 


TANNIN  MATEEIALS  FOR  INKS  51 


When  a  tannin  is  heated  with  dilute  hydrochloric  acid 
(2  per  cent.)  in  a  sealed  tube  at  100°  C.  an  insoluble 
precipitate  of  ellagic  acid  (crimson  colour  with  nitric  acid) 
may  be  formed. 

When  boiled  with  alkalies  the  "iron-greening"  tannins 
yield  protocatechuic  acid  and  phloroglucinol,  or  acetic  acid, 
whilst  the  "iron-blueing"  tannins  are  converted  into 
gallic  and  ellagic  acids. 

The  elementary  composition  of  the  different  tannins  has 
been  suggested  by  TrimUe  *  as  a  possible  means  of  clas'si- 
fication.  Thus,  the  gall  tannins,  or  "  iron -blueing  "  group, 
contain  about  52  per  cent,  of  carbon  and  about  3 "5  per 
cent,  of  hydrogen,  whilst  the  "iron-greening"  tannins 
have  60  per  cent,  of  carbon  and  5  per  cent,  of  hydrogen, 
e.g. : 

Group  I. 


Carbon. 

H3clrofren. 

Per  ceut. 

Per  cent. 

Gallotannic  acid  

52.10 

3-52 

Chestnut  wood  tannin  .... 

52.11 

4.40 

Chestnut  bark  tannin  .... 

52.42 

4.67 

Chestnut  tannin  (Xass) .... 

52.07 

3-97 

Sumach  tannin  (Lowe)  .... 

52.42 

3-56 

Group  II. 

Carbon. 

Hydrosen. 

Per  cent. 

Per  ceut. 

Oak-bark  tannin  (av.  of  9)  . 

59-79 

5.08 

Kino  tannin  {Bercjliol:) 

59-65 

4.87 

Oak-bark  tannin  (Etti)  .... 

59-25 

4.99 

Catechu  tannin  (Lowe)  .... 

61.93 

4.80 

Tormentilla  tannin  (Itenihold) 

60.75 

4-65 

The  tannins  in  Group  I.  give  a  white  precipitate,  chang- 
ing to  blue  with  lime  water,  whilst  in  the  case  of  the 
tannins  in  Group  II.,  the  colour  of  the  precipitate  is  light 

*  Tlie  Tannins.,  ii.  p.  132. 
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pink,  changing  to  red  or  brown.  Bromine  water  precipi- 
tates the  tannins  in  the  second  group,  but  not  those  of  the 
first  group.  / 

Suitability  of  Tannins  for  Ink-making. — Only  the 
"iron-blueing"  tannins  are  suitable  substances  for  the 
manufacture  of  black  ink,  as  has  been  shown  by  Sclduttig 
and  A^emna7in*  who  found  that  mixtures,  of  extracts  of 
pine,  catechu,  quebracho,  kino,  and  hemlock  with  solutions 
of  iron  salts  gave  bright  green  colorations  on  paper,  but 
after  six  months'  exposure  only  rust-like  stains  were 
left. 

Good  black  inks  can  be  prepared  from  algarobilla,  divi- 
divi,  myrobalans,  valonia,  and  sumach,  all  of  which  contain 
"  iron-blueing  "  tannins. 

Oak-bark  tannin,  although  an  "iron-greening"  tannin, 
also  contains  a  substance  giving  a  blue  precipitate  with 
iron  salts,  and  can  therefore  be  used  in  the  manufacture  of 
ink  (vide  infra). 

The  most  important  of  the  tannins  suitable  for  ink  are 
described  individually  in  the  following  pages. 

Chestnut  Bark  and  Wood. 

The  Spanish,  or  Sweet  Chestnut  {Castanea  vesca),  is  a 
large  tree,  frequently  8o  feet  or  more  in  height,  which 
grows  abundantly  in  the  countries  surrounding  the  Medi- 
terranean, and  in  sheltered  districts  as  far  north  as  Scot- 
land. In  America  it  is  common  in  many  of  the  States  as 
far  west  as  Indiana.  The  fruit  is  the  well-known  chestnut, 
which  is  largely  imported  into  this  country. 

Chestnut  Extract. — An  aqueous  extract  of  chestnut 
wood  or  bark  is  prepared  extensivel}^  in  Pennsylvania  and 
Virginia,  the  decoctions  being  subsequently  evaporated  to 
a  solid  mass.  According  to  Trimhle,^  it  is  impossible  to 
manufacture  a  good  extract  without  the  use  of  a  vacuum 
pan.  It  is  said  to  be  frequently  adulterated  with  molasses 
or  glucose,  and  is  itself  employed  to  adulterate  oak  bark 
extract. 

*  Die  Eisengallust'mten,  p.  38. 
f  'The  Tannins,  ii.  p.  129. 
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Chestnut  Tannin. — Sheldon*  who  appears  to  have  been 
the  first  to  call  attention  to  the  value  of  chestnut  wood  as 
a  tanning  and  dyeing  material,  asserted  that  it  contained 
twice  as  much  tannin  as  oak  bark. 

TrimUe  (loc.  cit.)  found  air-dried  chips  to  contain  7.85 
per  cent,  of  tannin,  which  is  slightly  higher  than  the 
amount  found  by  Sheldon  ;  whilst  Simand  \  found  8.5  per 
cent,  in  chestnut  wood,  and  23.52  per  cent,  in  chestnut- 
wood  extract  of  31'  Be.,  the  determinations  being  made  by 
Loiventhal's  permanganate  method. 

Nass\  was  the  first  to  prepare  a  tannin  from  chestnut 
wood,  and  to  determine  its  composition  and  properties. 
The  aqueous  extract  of  the  wood  was  fractionally  precipi- 
tated with  sodium  chloride,  and  the  final  fractions  dialysed 
and  then  extracted  with  acetic  ether. 

In  this  way  he  obtained  a  white  preparation  which  was 
soluble  in  water,  alcohol,  ether,  and  glycerin,  and  gave  the 
following  reactions  when  tested  in  a  one  percent,  solution. 


Keagents. 

Cliestmit  tanuin. 

Gallotamiic  acid. 

Ferrous  salt 
Ferric  ammonium  sul- 
phate 

Tartar  emetic  +  ammo- 
nium chloride  . 
Bromine  water  . 
Lime  water  . 

Sulphuric  acid  (1:9)  . 

No  change. 

Blue-black  precipi- 
tate. 

Slight  precipitate. 
No  precipitate. 
Light  precipitate,  be- 
coming light  blue. 
No  deposit  on  boil- 
ing. 

No  change. 

Blue-black  precipi- 
tate. 

Slight  precipitate. 
No  precipitate. 
White  precipitate,  be- 
coming light  blue. 
No  deposit  on  boil- 
ing. 

When  heated  to  200°  C.  it  was  converted  into  pyrogallic 
and  metagallic  acids,  and  gave  an  acetyl  derivative  closely 
resembling  that  of  gallotannic  acid. 

Its  elementary  composition  was  also  found  to  be  very 
similar  to  that  of  gallotannic  acid,  as  is  shown  by  the  fol- 
lowing results  obtained  by  Nass  and  by  Trimble^  : 

*  Ai/icr.  Juurn.  Scie7ice,  1819,  i.  313. 

t  Dingler's  polyt.  Jonrn.  1885,  cclv.  487. 

X  Zelt.  anal.  C'hem.,  1886,  xxv.  134  ;  also  Trimble,  The  Tannim,  ii.  p. 
124.  §  loc.  cit.,  p.  127. 
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Chestnut 
tannin 

Cliestuut 
wood  tanuiu 
{Trimble). 

Chestnut 
hark  tauiiin 
{Trimble). 

Gallotaunic 
acid. 

Per  cent. 

I'er  cent. 

Per  ceut. 

Per  ceut. 

Carbon  . 

52.20 

52.42 

52.11 

52-17 

Hydrogen 

3-97 

4.67 

4.40 

3.10 

In  Trimble's  opinion  this  similarity  in  composition  and 
reactions  renders  it  highly  probable  that  chestnut  tannin 
is  identical  with  the  gallotannic  acid  from  galls. 

Ink  from  Chestnut  Wood. — Sheldon  {loc.  cit.)  in  18 19 
found  that  chestuut  wood  contained  -f-  as  much  substance 
giving  a  black  coloration  with  iron  (i.e.,  tannin),  as  was 
present  in  logwood  (hgematoxylin).  He  stated  that  it  was 
probably  unequalled  as  a  material  for  ink,  since  it  gave 
a  rich  blue-black  colour  with  iron,  whilst  galls  or  sumach 
used  in  the  same  proportion  had  a  redder  shade.  The  ink 
formed  by  chestnut  decoction  was  blue,  but  on  paper  it 
dried,  yielding  an  intense  black.  The  permanency  of  the 
ink  was  tested  by  exposing  the  writing  to  the  sun  and  air, 
and  was  found  highly  satisfactory. 

Sclduttig  and  Neumann*  however,  in  their  comparative 
tests  on  the  stability  of  inks  prepared  from  different 
tannin  materials,  found  that  chestnut  iron-ink,  originally 
blue-black,  was  fainter  than  the  ink  from  most  of  the  other 
"iron-blueing"  tannins  (p.  50). 

In  1825  Giroucl  took  out  a  patent  (Eng.  Pat.  No.  5285) 
for  a  substitute  for  galls,  to  which  he  gave  the  name  of 
"  damajavag."  This  was  prepared  by  soaking  i  cwt.  of  the 
wood  of  the  chestnut  tree,  or  shells  of  the  nut,  with  water 
for  twelve  hours,  and  then  boiling  it  with  180  to  200  quarts 
of  water  and  evaporating  the  decoction  to  a  paste,  which 
was  to  be  used  in  the  manufacture  of  ink,  or  in  tanning. 

An  ink  prepared  by  us  from  chestnut  extract  had  a  good 
blue-black  colour.  On  standing  exposed  to  the  air  for  a 
month  it  yielded  a  deposit  containing  7.37  per  cent, 
of  iron. 

*  loc.  cit.  p.  38. 
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Sumach. 

Sumach  or  Sumac  is  the  name  given  to  the  leaves  of 
various  plants  belonging  to  the  natural  order  Rhus. 

Of  these  the  Sicilian  sumach,  Bhtis  coriaria,  grows  wild 


Fig.  23.— Sumach  (Coriaria  mijrtifolia?)  . 

in  Spain,  Portugal,  and  other  Mediterranean  districts,  and 
is  also  widely  cultivated  in  these  countries.  The  most 
esteemed  variety  of  Sicilian  sumach,  known  as  Alcanio, 
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occurs  in  commerce  as  a  light  green  powder  with  an 
aromatic  odour.  A  second  and  inferior  variety,  which  is 
chiefly  used  in  dyeing,  has  a  more  yellow  shade  and  con- 
tains less  tannin. 

The  best  French  sumach  is  very  similar  to  that  grown  in 
Sicily.  Another  French  variety,  known  as  redou,  is  obtained 
from  Coriaria  myrtifolia  (Fig.  23). 

In  preparing  sumach  for  the  market,  the  branches  are 
dried  in  the  sun,  and  the  leaves  removed  and  ground  to 
powder  in  mills. 

The  leaves  of  the  Venetian  sumach,  Rhus  cotinus,  a 
shrub  cultivated  in  Italy  and  the  south  of  France,  contains 
a  yellow  dyestuff,  and  a  tannin  which  gives  an  olive-green 
compound  with  iron  salts,  and  is  therefore  unsuitable  for 
ink-making. 

In  America  two  species  of  Rkus,  R.  copallina  and  R. 
glabra,  both  of  which  contain  much  less  tannin  than  Sicilian 
sumach,  are  extensively  used  as  tanning  materials. 

Sumach  Tannin. — The  proportion  of  tannin  in  sumach 
varies  considerably,  but  the  usual  limits  are  from  about 
1 3  to  20  jDer  cent. 

Stenhouse  *  was  the  first  to  show  the  similarity  in  com- 
position a'.d  properties  between  the  tannin  of  sumach  and 
gallotannic  acid,  both  yielding  gallic  acid  and  pyrogallol. 
The  percentage  composition  of  his  sumach  tannin  was : 
Carbon,  49.73  to  50.12;  hydrogen,  3.64  to  376;  and 
oxygen,  46.24  to  46.5  i. 

Ldw6  \  obtained  a  purer  product  by  extracting  Sicilian 
sumach  with  alcohol,  treating  the  residue  from  the  extract 
with  water,  extracting  the  tannin  by  means  of  acetic  acid, 
and  purifyiug  it  by  repeatedly  dissolving  it  in  water,  and 
precipitating  it  with  sodium  chloride.  Gallic  acid  (which 
was  not  identified)  would  be  left  in  solution  in  the  sodium 
chloride  treatment. 

Loivc  confirmed  Stenhouse's  statement  of  the  formation 
of  gallic  acid  from  the  tannin.  Crystals  of  the  latter  were 
obtained  by  heating  the  tannin  solution  either  alone  or 
with  2  per  cent,  of  sulphuric  acid  for  several  hours  in  a 
sealed  tube  placed  in  a  brine  bath. 

*  Mfi»i.  Cliem.  Soc,  1842,  i.  135. 
I  Zeit.  anal.  C/iem.,  1873,  xii.  128. 
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The  properties  of  the  Sicilian  sumach  tannin  were 
found  to  be  identical  with  gallotannic  acid,  and  analysis 
showed  them  to  have  the  same  composition,  corresponding 
with  the  formula  C^^H^gOg. 

Lowe  was  doubtful  whether  the  tannin  of  other  species 
of  sumach  could  also  be  regarded  as  identical  with  gallo- 
tannic acid.  Thus  a  tannin  prepared  from  Tyrol  sumach 
contained  52.3  per  cent,  of  carbon  and  3.8  per  cent,  of 
hydrogen,  corresponding  with  the  formula  C^gH^^Oj^Q. 
Moreover,  this  tannin  differed  from  that  of  Sicilian 
sumach  in  not  yielding  gallic  acid  when  heated  in  a  sealed 
tube  with  sulphuric  acid. 

Sumach  contains  a  small  quantity  of  a  yellow  dyestuff, 
quercetrin. 

Ink  from  Sumach. — As  the  tannin  of  sumach  is 
identical,  or  at  least  allied  to  that  of  galls,  it  was 
to  be  anticipated  that  it  would  yield  an  ink  of  a  very 
similar  character,  only  modified  slightly  by  the  colouring 
matter  of  the  leaves.  In  fact,  Ribeaucourt  *  found  that 
the  ink  made  from  it  had  a  greenish  shade. 

Leivis,^  who  made  experiments  in  1763  with  sumach  as 
an  ink  material,  came  to  the  conclusion  that  it  was  inferior 
to  galls  as  a  source  of  tannin. 

SchliUtig  and  Neumann,\  however,  have  shown  that 
sumach  iron-ink  is  but  little  inferior  in  durability  to  ink 
prepared  from  Chinese  galls,  and  superior  to  "  Knop- 
pern  "  ink.  According  to  Viedt,^  ink  is  occasionally  pre- 
pared from  sumach  on  a  manufacturing  scale. 

DiVI-DIVI. 

Divi-divi  is  the  name  given  in  commerce  to  the  dried 
pods  of  the  South  American  shrub,  Cccsalpinia  coriaria 
(Fig.  24),  which  was  not  known  in  Europe  until  the  latter 
half  of  the  eighteenth  century.  It  grows  in  low-lyiag 
marshy  lands,  attainiug  a  height  of  twenty  to  thirty  feet. 

The  pods  are  of  a  dark  brown  colour,  and  about  one  and 
ia  half  to  three  inches  in  length.    They  have  a  very  astrin- 

*  Ann.  de  Chini.,  1792,  xv.  156. 

t  Ion.  cit.  p.  382.  X  loc.  cit.  p.  38. 

§  Dingier'.^ polyt.  Juurn.,  1875,  ccxvi.  453. 
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gent  taste,  due  to  the  tannin,  which  is  for  the  most  part 
concentrated  in  the  rind  immediately  beneath  the  epi- 
dermis. The  recorded  amount  of  tannin  ranges  from  30 
to  52  per  cent.  A  commercial  sample  examined  hj  us 
contained  36  per  cent. 

Divi-divi  Tannin. — Stenhouse  *  separated  a  tannin  from 
divi-divi,  which  he  found  to  have  the  following  com- 
IDOsition :  Carbon,  50.12;  hydrogen,  3.72:  and  oxygen, 
4.62. 

This  tannin  yielded  gallic  acid   and  pyrogallol,  and 


Fig.  24. — Divi-divi  pods. 

formed  deep  blue  insoluble  compounds  with  ferric  salts, 
and  was  thus  very  similar  in  composition  and  properties  to 
gallotannic  acid. 

In  a  more  extended  research,  Zowe  f  found  that  the 
tannin  of  divi-divi  behaved  with  miost  reagents  like  gallo- 
tannic acid,  from  which  it  was  distinguished,  however,  by 
yielding  a  deposit  of  ellagic  acid  when  heated  in  aqueous 
solution  in  a  sealed  tube. 

He  therefoj-e  described  this  tannin  as  ellagitannic  acid, 

*  Mei)i.  Chew.  Soc,  1842,  i.  141. 
,  f  Zeit.  anal.  Cheiii.,  1875,  xiv.  35. 
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and  ascribed  to  it  the  formula  C^^H^qO^o,  which  may  be 
regarded  as  gallic  acid,  C^^l^-^^fi^Q,  miuus  2  atoms  of 
hydrogen,  or  gallotannic  acid,  O;^4t[io^9,  plus  i  atom  of 
oxygen. 

Zdive  also  found  the  same  tannic  acid  in  myrobalans. 

A  specimen  of  divi-divi  examined  by  us  contained 
34  per  cent,  of  tannin  determined  colorimetrically,  and 
expressed  in  terms  of  gnllotannic  acid. 

Ink  from  Divi-divi. — StenJtouse  (loc.  cit.)  states  that 
calico  printers  had  attempted  to  use  divi-divi  as  a  sub- 
stitute for  galls,  but  had  not  found  it  satisfactory,  owing 
to  the  large  proportion  of  other  extractive  matters  (gums). 


Fig.  25. — MjTobalans. 

In  the  case  of  ink  this  would  not  be  so  objectionable, 
and  in  fact  Viedt*  asserts  that  divi-divi  is  sometimes  used 
in  Germany  as  a  source  of  ink-tannin. 

An  ink  was  prepared  by  us  from  an  extract  of  divi-divi 
( 5  grms.),  treated  with  i  grm.  of  ferrous  sulphate.  The 
deposits  yielded  by  this  ink  contained  from  6.77  to  7.77 
per  cent,  of  iron, 

Myrobalans. 

The  dried  fruit  of  different  species  of  Terminalia  grow- 
ing in  India  and  the  East  Indies  is  sold  as  a  tanning  and 
dyeing  material  under  the  name  of  myrobalans  (Fig.  25). 

The  ripe  fruit  weighs  between  5  to  10  grms.,  and  has  a 
very  astringent  taste,  due  to  the  tannin  in  the  husk. 
*  Dhujlev'' s  iMlyt.  Journ.,  1875,  ccxvi.  453. 
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The  Indian  species,  T.  chcliula,  which  yields  the 
"  black  "  or  "  chebulic  "  myrobalans  of  commerce,  is  exten- 
sively used  in  conjunction  with  iron  salts  as  a  black  dye, 
and  is  also  employed  in  the  manufacture  of  ink. 

The  earliest  mention  of  the  possible  use  of  myrobalans 
as  a  substitute  for  galls  is  that  made  by  A.  Johnson  *  in  a 
communication  to  the  Society  of  Arts  in  1 80 1,  in  which 
he  stated  that  the  natives  in  India  used  them  to  give  a 
black  colour  to  leather,  mixing  the  powder  with  iron 
filings  and  water. 

A  committee  of  the  Society  appointed  to  report  on  the 
subject  found  that  the  pulp  and  outer  husk  of  the  fruit 
gave  a  rich  black  colour  with  ferrous  sulphate. 

Ink  prepared  by  us  from  myrobalans  was  of  a  good 
blue  black  colour,  and  yielded  insoluble  deposits  containing 
about  6  per  cent,  of  iron. 

The  Tannin  of  Myrobalans. — Loice^  found  about  i  per 
cent,  of  gallic  acid  iu  myrobalans,  and  extracted  a  tannin 
which  contained  49.42  per  cent,  of  carbon  and  3. 16  per 
cent,   of    hydrogen,    corresponding   with   the  formula 

When  heated  in  a  sealed  tube  at  io8°-iio°  C,  a 
solution  of  this  tannin  yielded  a  deposit  of  ellagic  acid  ; 
and  from  this  fact  and  the  elementary  analysis,  Lowe  con- 
cluded that  it  was  ellagitannic  acid,  identical  with  that  of 
divi-divi. 

ZolffelX  confirmed  Lowe's,  statement  of  the  occurrence  of 
I  per  cent,  of  gallic  acid,  but  found  that  the  tannin  was  a 
mixture  of  ellagitannic  acid,  and  a  glucoside  of  gallotannic 
acid,  the  former  being  in  the  greater  proportion. 

A  specimen  of  myrobalans  examined  by  us  was  found 
to  contain  39  per  cent,  of  tannin  determined  colorimetric- 
ally,  and  expressed  in  terms  of  gallotannic  acid. 

Valonia. 

Valonia  is  the  commercial  name  for  the  acorn  cups  of 
certain  species  of  oaks  growing  in  Asia  Minor  and  different 

*  Trans.  Soc.  Arts,  1801,  xix.  343. 
t  Zfiit.  anal.  C/tem.,  1875,  xiv.  35. 
j  Arc/i.  der  Pharni.,  1891,  ccxxix.  155. 
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pai'ts  of  Greece,  of  which  the  most  important  are  Q. 
mgilops  and  Q.  macrolepis. 

The  best  sorts  are  gathered  before  the  fruit  is  quite 
ripe  in  April,  those  beaten  from  the  trees  in  September 
and  October  being  poorer  in  tannin. 

The  cups  (containing  the  acorns)  are  first  partially  dried 
on  the  ground  and  then  conveyed  by  mules  to  Smyrna, 
where  they  are  stored  in  warehouses  until  slight  fermenta- 
tion sets  in  and  causes  the  acorns  to  fall  from  the  cups. 


Fig  26. — Valonia. 

If  exposed  to  rain  after  gathering,  the  acorn  cups  turn 
black  and  lose  a  considerable  amount  of  tannin  by 
fermentation. 

As  met  with  in  commerce  valonia  consists  of  semi- 
circular prickly  backed  cups,  about  50  mm.  in  diameter 
(see  Fig.  26). 

The  amount  of  tannin  they  contain  varies  greatly  with 
the  district,  species  of  oak  and  time  of  collection,  but 
usually  ranges  from  about  20  to  45  per  cent. 
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The  followiDg  percentages  have  been  recorded  inter 
aha:  32.4  {Handtke);  38  (Galloui) ;  22.6-39.2  (Bothe) ; 
and  31.6  to  35.64  {Simand). 

Eitner*  examined  eighteen  samples  of  different  origin 
of  the  harvest  of  1886,  and  found  them  to  yield  from 
42.4  to  51.9  per  cent,  of  total  extract,  1.6  to  3  per  cent, 
of  soluble  ash,  and  21,28  to  30.2  per  cent,  of  tannins. 

The  best  valonia  is  that  obtained  from  Smj-rna,  the 
Greek  and  Albanian  products  being  held  in  much  smaller 
esteem. 

In  1852  the  prices  per  cwt.  were  as  follows:  Smyrna, 
14s.  to  15s, ;  Morea,  lOs.  to  12s. ;  and  Camata,  14.S.  to  16s, 
(Tomlinson).  The  prices  given  Procter  in  1885  were 
considerably  higher,  viz.,  Smyrna,  12s.  6d.  to  20s.  6d.  ; 
Morea,  los.  6d.  to  i8s.  6d.  ;  and  Camata,  15s.  to  19s. 
per  cwt. 

The  Tannin  of  Valonia. — Tliis  appears  to  be  mainly 
ellagitannic  acid,  judging  by  the  results  of  Bottingcr* 
who  extracted  the  tannins  from  valonia,  divi-divi,  and 
algarobilSa,  and  prepared  the  acetyl  derivative  of  each. 
The  amount  of  acetyl  in  the  valonia  tannin  (44.1  per 
cent.)  was  nearly  the  same  as  that  of  divi-divi  (43.19  per 
cent.)  and  algarobilla  (43.9  per  cent.),  and  hence  Bottinger 
concluded  that  the  preparations  were  identical  in  com- 
position. 

In  the  colorimetric  estimation  of  the  amount  of  tannin 
in  terms  of  gallotannic  acid  we  found  the  solution  yielded 
a  much  bluer  tinge  than  the  standard  solution  of  gallo- 
tannic acid,  and  it  was  necessary  to  add  a  slight  trace  of 
an  aniline  colour  to  the  latter,  m  order  to  match  the  tint. 
In  duplicate  determinations  we  found  (i)  59.1.  per  cent, 
and  (2)  57.5  per  cent.  The  amount  found  by  Procter's 
hide  powder  method  was  20  per  cent.,  so  that  the  tannin 
in  valonia  appears  to  have  a  greater  tinctorial  value  than 
gallotannic  acid.  The  filtrate  from  the  hide  powder  con- 
tained iron-colouring  substances  (gallic  acid),  correspond- 
ing to  2.5  per  cent,  of  gallotannic  acid, 

Ink  from  Vcdonia. — Valonia  yields  a  very  rich  bluish  • 
black  ink,  and  appears  to  us  to  be  a  very  suitable  raw 

*  Der  Gerler,  1S87,  xiii.  18. 

■f  B(r  d.  (I.  chem.  Ga.,  1884,  xvii,  1503. 
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material  for  the  manufacture,  especially  if  used  in 
admixture  with  Chinese  galls. 

The  deposits  yielded  by  the  ink  on  exposure  to  the  air 
are  very  similar  to  those  given  by  gall  or  divi-divi  inks. 
Thus  the  deposits  examined  by  us  contained  from  11.5 
to  12.8  per  cent,  of  iron  oxide. 

Oak-Bark  Tannins. 

Owing  to  the  fact  that  infusions  of  oak  bark  give  a 
blue  coloration  with  iron  salts  the  tannins  present  were 
formerly  regarded  as  identical  with  gallotannic  acid. 
This  error  was  first  pointed  out  by  Stenhouse,^  who  showed 
that  an  infusion  of  oak  bark  differed  from  a  solution  of 
gallotannic  acid  in  not  yielding  gallic  acid  or  pyrogallol. 

In  1867  Grahowski  found  that  instead  of  gallic  acid  an 
amorphous  red  compound,  "  oak  red,"  was  produced, 
which  Mti'l  obtained  by  boiling  an  oak  tannin  with 
dilute  sulphuric  acid,  and  concluded  to  be  an  anhydride 
with  the  formula  2 O^^^HgOg  — 11^0  =  034112605. 

An  extended  series  of  researches  on  the  oak  tannins 
were  then  made  independently  by  Utti,  by  Lowe,  and  by 
Bottinger,  but  the  most  conflicting  results  were  obtained. 
Thus  Etti  prepared  an  oak  tannin  which  did  not  dissolve 
in  water  and  gave  a  green  coloration  with  ferric  salts, 
whilst  Loioe  obtained  soluble  tannins  with  the  formulae 
OggH^g^u  CggHggO^g,  which  gave  blue  precipitates 

with  iron  solutions. 

Trimble^,  has  given  an  excellent  summary  of  these 
different  results,  though  without  succeeding  in  reconciling 
them.  He  himself  has  made  numerous  preparations,  and 
has  found  the  average  composition  of  nine  of  these  to  be 
as  follows  :  Carbon,  59.79;  hydrogen,  5.08;  and  oxygen, 
35.13  per  cent. — results  which  correspond  best  with  the 
formula  of  Etti's  tannin,  C2oll2o09. 

In  Trimble's  opinion  there  is  no  question  but  that  oak 
tannins  give  green  colorations  with  iron  salts,  and  he 
attributes  the  blue  colorations  given  by  oak-bark  infusions 

*  Mem.  Ghem.  Sue,  1842,  i.  140. 
t  Miinafs/i.f.  Clieni.,  1880,  i.  262. 
X  Tl^e  Tannins,  ii.  p.  50. 
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to  the  presence  of  an  associated  colouring-matter.  In  the 
case  of  the  chestnut  oak  he  separated  this  "  iron-blueing  " 
compound  by  first  precipitating  the  oak  tannins  with 
neutral  lead  acetate  and  then  treating  the  filtrate  with 
basic  lead  acetate. 

Reactions  of  Oak  Tannins. — On  heating  oak-bark 
tannins  to  190''  C.  catechol  is  formed  as  the  main  decom- 
position product,  whilst  on  fusion  with  caustic  alkali 
protocatechuic  acid  is  obtained. 

The  colour  reactions  vary  greatly  with  the  species  of 
oak  whence  the  tannins  were  derived,  which  is  evidence 
that  they  are  not  identical. 

Trimble*  gives  the  following  table  of  the  reactions  of 
the  tannins  separated  from  two  species  of  oak  bark  com- 
pared with  those  given  by  gallotannic  acid  : 


Reagent. 

English  oak, 
Q.  rob  n  r. 

Indian  oak, 
Q.  sessilijtora. 

Gallotannic 
acid. 

Copper  sulphate. 

Precipitate. 

No  precipitate. 

Copper  sulphate  + 

Bed  brown  preci- 

Brown precipi- 

ammouia. 

pitate. 

tate. 

Stannous  chloride 

Violet  colour. 

Violet  colour. 

Slight  green 

and  HCl. 

colour. 

Sodium  sulphite. 

Pink  colour. 

Yellow  colour. 

Slight  pink 

colour. 

Bromine  water. 

Yellow  precipitate. 

Yellow  precipi- 

No precipitate. 

tate. 

Ferric  chloride. 

Blue  green  colour 

Green  colour  and 

Blue  colour  and 

and  green  preci- 

precipitate. 

precipitate. 

pitate. 

Ferric  chloride  + 

Purple  brown  pre- 

Purple brown 

Purple  precipi- 

ammonia. 

cipitate. 

precipitate. 

tate. 

Ferric  ammonium 

Blue  green  colour 

Green  colour  and 

Blue  colour  and 

sulphate. 

and  greeu  preci- 

precipitate. 

precipitate. 

pitate. 

Lime  water. 

Precipitate  turning 

I'recipitate  turn- 

Precipitate turn- 

pink. 

ing  pink. 

ing  blue. 

Amount  of  Tannins  in  Oak  Bark. — Procter  gives  the 
proportion  of  tannins  in  European  oak  bark  as  lO  to  12 
per  cent ,  whilst  Trimble  *  found  the  bark  of  different 

*  loc.  cit.  ii.  p.  48. 
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species  of  American  oaks  to  contain  from  4.04  to  14.21 
per  cent.,  whilst  an  English  oak  bark  gave  12.37  per  cent, 
calculated  on  the  dry  substance. 

The  chief  species  of  oak  from  which  the  commercial 
bark  is  derived  are  Q.  iKchincuIata,  sessijfora,  and  rubcscens, 
the  first  of  which  usually  contains  more  tannin  than  the 
others. 

IJitner*  has  shown  that  the  amount  of  tannin  varies 
with  the  season.  Thus  in  the  case  of  the  bark  from  Q. 
pedimculata  he  obtained  the  following  results:  April, 
14.80;  May,  10.71;  June,  12.33;  Ji^ly,  9-8  ;  and  August,' 
11.23  per  cent. 

WeUs-^  analysed  commercial  oak  barks  of  different 
origin  with  the  following  results : 


Origin. 

Tiimiin. 
I'er  coiit. 

Ash. 
I'or  cent. 

Hungarian  (3)  . 
German  (3) 
French  (3)  . 
Danish  (3)  . 
Swedish 
Average  . 

10.36-13.47 
11.87-  16.18 
13.82  -  16.22 
13.86-  16.22 
12.02-14.59 
13' 50 

5.68-7.31 
6.27-8.52 
6.14-7.77 

6.66-7.81  : 

5-55 -7-05  i 
6.82  I 

Ink  from  Oak  ■BaLV^.—Stcnlionse  (loc.  cit.)  found  that 
a  good  blue-black  ink  could  be  prepared  from  an  infusion 
of  oak  bark,  in  which  respect  it  differed  from  the  infusions 
of  kmo,  larch,  and  alder  barks,  which  only  gave  careen 
colorations  with  iron  salts. 

_  According  to  FrechtLX  oak  bark  was  used  fifty  years  ago 
in  conjunction  with  other  substances  in  the  manufacture 
of  ink.  Thus  he  gives  the  following  formula  for  the  pre- 
paration of  ink  from  oak-bark  galls  and  Knoppern :  Galls 
9  lbs.,  logwood  Ulbs.,  rasped  oak  bark,  81bs.,  Knoppern 
Olbs.,  gum  2lbs.,  ammonium  chloride  ilb.,  infused  in  40 
quarts  of  water  and  24  quarts  of  vinegar,  and  the  infusion 
mixed  with  ferrous  sulphate. 

*  Der  Gerher,  iv.  85. 
t  Ihid.  1885.  ii.  181. 
X  Tcchnoh  Eiicijcloi).,  1852,  xviii.  460. 
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Since  the  pure  oak  tannins  are  "iron-greening  "  sub- 
stances, whilst  the  blue-black  colour  given  by  oak-bark 
infusions  with  iron  salts  is  only  due  to  the  presence  ot  an 
associated  substance  (cide  supra),  the  use  of  oak  bark  tor 
ink  is  not  economical.  Moreover,  ink  prepared  exclusively 
from  the  infusion  has  been  shown  by  ScMuthc/  and  Nm- 
laanii*  to  be  somewhat  less  stable  on  exposure  to  light 
and  air  than  the  inks  from  galls,  divi-divi,  or  other  sub- 
stances containing  "  iron-blueing  "  tannins. 

Gallota>.nic  Acid. 

The  tannin  which  is  best  known  is  that  contained  in 
galls,  and  to  this  the  name  of  gallotannic  acid  has  been 
given  to  distinguish  it  from  qucrcitanmc  acid  and  other 
tannin<^  It  is  present  in  Aleppo,  Chinese,  and  Japanese 
galls  and  in  Kaoppcni,  and  has  also  been  identified  m 
sumach,  mvrobalans,  and  algarobilla. 

Fclouze  t  prepared  gallotannic  acid  by  extracting  pow- 
dered gall  with  ether  containing  water,  and  showed  that 
on  exposure  to  the  air  in  an  aqueous  solution  it  gradua  ly 
yielded  an  insoluble  deposit  consisting  mainly  of  galhc 

^^^Strecl-er  +  came  to  the  conclusion  that  gallotannic  acid 
was  a  glncoside,  which  was  decomposed  on  fermentation 
in  accordance  with  the  equation 

C',,H,sO,,  =  OfiHioOfi  +  aCijHioOc,  -  H,0 
(jhif()si(k-.        Ghu'osc.       Tiumic  acid. 

Subsequently  it  was  shown  by  ScJiif^  thai  perfectly 
pure  gallotannic  acid  was  free  from  glucose,  and  was  an 
anhydride  containing  two  gallic  acid  groups,  i.e.,  digalhc 
anhydride.  In  his  opinion  the  glucose  in  StrccJcer's  pre- 
paration was  originally  present  in  the  galls,  and  had  been 
extracted  simultaneously  with  the  tannic  acid. 

Trimhic  ||  concludes  that  although  gallotannic  acid  can 
be  so  purified  as  to  be  eventually  only  digallic  anhydride, 

*  Bie  UiiicngaUi/sfhttc/i,  p.  38. 

t  Ann.  Clicm.  Phfinii.,  1833,  liv.  337. 

+  Ibid.  1854,  xc.  238. 

§  Ihifl.  1873,  clxii.  43. 

i  The  Tdiimns,  i.  p.  29. 
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it  is  rarely  if  ever  met  with  in  that  state  in  the  "pure" 
article  of  commerce,  which  contains  variable  amounts  of 
glucose  in  a  loose  state  of  combination.  In  his  opinion 
the  commercial  article  must  be  regarded  either  as  a  gluco- 
side  of  digallic  acid,  or  as  a  mixture  of  the  glucoside  and 
of  the  pure  anhydride. 

Schiff{loc.  cit.)  prepared  a  pentacetyl  derivative  of  gallo- 
tannic  acid,  which  melted  at  137'  C,  and  had  a  composi- 
tion agreeing  with  the  formula  G^^YL^{G.^.f)\  0^. 

This  compound  was  insoluble  in  water  and  cold  alcohol, 
and  gave  no  coloration  with  iron  salts. 

The  following  constitutional  formula  represents  the  for- 
mation of  this  acetyl  derivative,  and  also  the  formation  of 
gallic  acid  by  the  hydration  of  the  gallotannic  acid : 


OH. 

^OH 

\C.H 
OH^  - 

OH 

OH-^ 

\C00H 

Fermentation  of  Gallotannic  Acid. — Ckevreul  showed 
that  by  keeping  a  solution  of  galloliannic  acid  in  a  sealed 
tube  so  as  to  exclude  atmospheric  oxygen,  it  could  be  kept 
unchanged  for  an  indefinite  period. 

It  has  frequently  been  asserted  (r.fj.,  by  Viedt,  p.  43), 
that  the  conversion  of  gallotannic  acid  is  due  to  the  action 
of  an  oxidising  enzyme.  It  was  shown,  however,  by  va)i 
Tieghcm  *  that  this  was  not  the  case,  but  that  the  spon- 
taneous change  was  due  to  the  action  of  two  mould  fungi, 
Penic ill i I tvi  [jlaucum  and  Aspergillus  niger  in  the  presence 
of  air.  By  inoculating  solutions  of  gallotannic  acid  with 
the  spores  of  these  fungi,  he  was  able  to  effect  a  complete 
conversion  of  that  substance  into  gallic  acid  in  a  few  days. 
The  fermentation  only  took  place  within  the  liquid,  for 
when  there  was  only  a  surface  growth  a  very  small  amount 
of  gallic  acid  had  been  produced  after  several  days'  vigorous 
fermentation.    From  the  results  of  Haccs  t  experiments  it 


*  ('iiiii//ti'.^  l,'r,uh/.s;  1867,  Ixv.  1091. 
t  Ibid.  1871,  Ixxii.  766. 
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would  seem  that  ordinary  yeast  also  possesses  the  hydro- 
Ivsine- property  of  these  two  ferments.  _ 
"  Properties  of  Gallotannic  Acid.— Gallotannic  acid  is 
a  yellowish- white,  glistening,  amorphous  powder,  which  is 
readily  soluble  in  water,  alcohol,  and  ether. 

When  heated  with  dilute  acids  {Stenliousc)  or  fermented 
{Hdc  supra)  it  takes  up  water  and  is  converted  into  ga  he 
acid,  whilst  when  boiled  with  alkaline  solutions  it  yields 
ffallic  and  ellagic  acids.  When  heated  alone  to  i6o  U  it 
is  decomposed  and  yields  a  sublimate  of  pyrogalloi  (see 

^'  Gallotannic  acid  gives  dark  violet  or  blue  precipitates 
with  iron  salts.  It  is  precipitated  quantitatively  by  lead 
salts,  with  which  it  yields  white  compounds,  and  it  torms 
white  unstable  gelatinous  precipitates  with  antimony,  it 
combines  with  gelatin  to  form  an  insoluble  compound 
(leather). 

Gallic  Acid. 

Gallic  acid  (0,H,O,-,+H.,O),  which  was  discovered  by 
ScJieele.  is  present  naturally  in  small  proportion  m  various 
vegetable  substances,  such  as  tea,  galls,  and  myrobalans 
(about  I  per  cent.). 

It  is  obtained  from  gallotannic  acid  by  fermentation 
with  certain  mould  fungi  (p.  43),  or  by  the  hydrolysmg 
action  of  dilute  acids  : 

C14H10O,,  +  HoO  =  aCjHfiOs. 

Its  constitutional  formula  shows  that  it  maybe  regarded 
as  benzoic  acid,  in  which  three  atoms  of  hydrogen  are 
replaced  by  hydroxy!  groups  : 

CbHo(0H)3  .  COOH  +  H.3O. 

Properties.— Gallic  acid  crystallises  in  white  silken 
needles  which  melt  above  200°  C.  It  is  much  less  soiuble 
in  water  than  is  gallotannic  acid,  i  part  requirmg  130 
parts  at  12.5°  C.  to  bring  it  into  solution. 

It  is  more  soluble  in  absolute  alcohol,  100  parts  ot 
which  at  15^  C.  dissolve  27.95  parts,  whilst  100  parts  ot 
ether  at  the  same  temperature  only  dissolve  2.5  parts. 

When  heated  alone  to  about  215°  C.  it  is  decomposed 
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with  the  formation  of  pyrogallol  (0^113 .  (OH)^)  and 
water. 

When  heated  with  sulphuric  acid  at  lOO"  0.  it  gives  off 
red  vapours  of  rufigallic  acid,  whilst  under  the  influence 
of  arsenic  acid  at  a  high  temperature  it  yields  ellagic  acid. 

It  combines  with  alkalies  to  form  salts,  which,  in  alka- 
line solution,  absorb  oxygen  from  the  air  and  turn  brown. 

Ferric  salts  are  reduced  by  gallic  acid  with  the  formation 
of  blue-black  compounds  containing  iron  in  the  ferrous 
condition  {Chevrcul). 

Ferrous  sulphate  free  from  ferric  salts  gives  no  colora- 
tion with  gallic  acid,  but  ferric  sul])hate  gives  a  blue  colour 
and  eventually  a  precipitate  (  Wackenhrodcr). 

Unlike  tannic  acids,  gallic  acid  yields  no  insoluble 
compound  with  gelatin. 

Various  formula3  for  the  preparation  of  ink  from  gallic 
acid  are  given  on  pp.  96-98. 

Reactions  distinguishing  between  Gallotannic  and 
Gallic  Acids. — It  has  been  generally  accepted  that  tannic 
acid  gives  black  prcciintates  with  ferric  salts,  and  no 
coloration  with  ferrous  salts,*  but  lluoss\  has  recently 
shown  that  these  statements  are  incorrect.  He  has  found 
that  tannic  acid  gives  a  black  precipitate  with  ferric 
acetate,  and  a  black  precipitate  or  coloration  with  ferrous 
acetate. 

Moreover,  he  has  also  proved  that  on  adding  a  solution 
of  a  ferric  salt  drop  by  drop  to  a  solution  of  tannic  acid 
only  a  dark  coloration  (and  no  precipitate)  is  obtained, 
the  iron  tannate  being  readily  soluble  in  an  excess  of 
tannic  acid.  Since  gallic  acid  behaves  in  the  same  way,  a 
dark  coloration  with  ferric  salts  is  inconclusive. 

Rhoss  has  therefore  devised  the  following  two  new  re- 
agents, which  he  has  found  to  be  both  characteristic  and 
very  sensitive  : 

Jttuosss  Reagent  I. — (i)  solution  of  20  grms.  of  ferric 
sulphate  per  litre ;  (2)  solution  of  28  grms.  of  crystalline 
sodium  carbonate  per  litre  ;  (3)  acetic  acid  (sp.  gr.  1.04), 
containing  5  grms.  of  sodium  tartrate  per  litre. 

The  tannin  solution  is  diluted  to  such  an  extent  that  on 

*  Kg..,  Schluttig  and  Xeuiiiiiiin,  loc.  rlf.  p.  18. 
t  /ei'^.anal.  ('hem..,  1902,  -xli.  725. 
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adding  the  ferric  sulphate  solution  drop  by  drop  it  still 
remains  slightly  transparent  when  the  maximum  colour 
has  been  reached.  About  lo  c.c.  of  such  a  solution  are 
treated  with  the  iron  solution  (i),  which  is  added  drop  by 
drop  until  the  colour  ceases  to  become  darker.  The  same 
number  of  drops  of  solution  (2)  are  then  added,  and  twice 
that  quantity  of  solution  (3).  When  the  liquid  is  shaken 
and  allowed  to  stand  a  black  precipitate  is  obtained  in  the 
case  of  tannic  acid,  whilst  gallic  acid  yields  no  such 
precipitate. 

The  reaction  is  capable  of  detecting  0.001  per  cent,  of 
tannic  acid. 

Buoss's  Emgcnt  II. — (i)  a  solution  of  10  grms.  of  ferric 
sulphate  +  15  grms.  of  sodium  acetate  +  1.7  grms.  of 
sodium  tartrate  per  litre;  (2)  a  solution  of  1.25  grms. 
of  gelatin  in  125  c.c.  of  hot  water,  made  up  to  a  litre  with 
glacial  acetic  acid  (sp.  gr.  1.064). 

Ten  c.c.  of  the  tannin  solution  are  treated  with  solution 
(i),  added  drop  by  drop  until  the  colour  ceases  to  darken, 
and  then  with  the  same  quantity  of  solution  (2).  After 
being  shaken  and  left  for  some  time  a  flocculent  blue- 
black  precipitate  indicates  tannic  acid. 

IIkoss's  Oxidation  Reaction .*■ — One  drop  of  the  ferric 
sulphate  solution  (20  grms.  per  litre)  is  added  to  10  c.c. 
of  the  tannin  solution,  diluted  as  required  in  the  test  with 
Reagent  I.  A  permanent  dark  coloration  is  obtained  with 
tannic  acid,  whilst  gallic  acid  gives  a  black  coloration, 
immediately  changing  to  yellow. 

If  ferric  acetate  be  used  instead  of  ferric  sulphate  the 
dark  coloration  is  permanent  with  gallic  acid  as  well  as 
with  tannic  acid. 

Gricssntcu/er's  Ileaction^  for  tannic  acid  consists  of 
adding  one  drop  of  a  solution  of  tannin  to  a  very  dilute 
solution  of  iodine.  The  liquid  becomes  colourless,  and  on 
now  adding  a  drop  of  a  dilute  solution  of  ammonia  a 
blood-red  colour  is  produced.  fTr'  " 

Bmoss  has  pointed  out  that  the  reaction  is  also  given  by 
gallic  acid,  and  is  therefore  inconclusive. 

*  h.c.  elf.  p.  732. 

f  t'liij^t^en,  H((H(lhucit  dcr  q  val.  Aniil..  p.  163. 
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Hydrogen  Pero.ridc  ax  a  Reagent. — It  has  recently  been 
found  by  Mitchell  and  Hciwovth  that  on  adding  hydrogen 
peroxide  to  a  solution  containing  tannin  and  ferrous 
sulphate,  there  is  an  immediate  black  precipitate,  the 
tannin  being  precipitated  quantitatively,  or  nearly  so,  as 
a  basic  tannate  ;  whereas  gallic  acid  treated  in  the  same 
way  yields  a  dark-brown  solution,  but  only  a  slight  trace 
of  any  insoluble  compound.  The  precipitates  yielded  on 
ignition  from  30  to  34.5  per  cent,  of  ferric  oxide,  and  thus 
approximated  in  composition  to  one  of  Euoss's  basic 
tannates  (p.  79). 

We  attempted  to  base  a  quantitative  method  of  sepa- 
rating tannin  on  this  reaction,  but  were  unable  to  obtain 
concordant  results. 


CHAPTER  III. 


NATUFvE   OF  INKS. 

Contents. — Constitution  of  ink-forming-  substances — Influence 
of  light  and  air — Iron  tannates — Evidence  of  an  inter- 
mediate blue  iron  oxide — Tannates  of  iron — Basic  salts — 
Methods  of  estimating  tannates — Procter's  method — 
Jackson's  lead  carbonate  method — Ruoss's  ferric  sulphate 
method  —  ( 'olorimetric  methods  —  Hinsdale's  colorimetric 
method — Mitchell's  colorimetric  method. 

Constitution  of  Ink-forming  Substances. — The  property 
possessed  by  gallic  and  tannic  acids  of  forming  blue  com- 
pounds with  ferric  salts  has  been  attributed  by  Schiff'*  to 
the  presence  of  free  phenoloid  hydroxy!  groups,  to  which 
is  also  due  the  analogous  colorations  obtained  with  othei' 
compounds  of  the  aromatic  series. 

Thus,  when  a  coloration  is  obtained  with  ferric  chloride 
the  presence  of  a  free  hydroxyl  group  may  be  inferred,  and 
■vice  versa. 

For  instance,  a  violet  coloration  is  given  by  phenol, 
salicylic  acid,  phenyl-sulphonic  acid,  &c. ;  a  Uue  coloration 
by  gallotannic  acid,  gallic  acid,  pyrogallol,  arbutin,  and 
many  derivatives  of  tannic  acid ;  a  green  colour  by  maiiy 
tannins,  tesculetin,  and  parassculetin ;  a  red  or  reddish- 
violet  colour  by  phloridziu,  tyrosin,  &c. ;  whilst  no  colora- 
tion is  obtained  with  picric  acid,  dinitro-hydroquinone, 
acetylgallic  acid,  &c. 

Schiff  also  came  to  the  conclusion  that  the  intensity  of 
the  colour  stood  in  relation  to  the  number  of  free  hy- 
droxyl groups,  the  substances  giving  violet  colorations 
containing  only  one  free  hydroxyl,  whilst  deep  hlue-b/aek 
colorations  were  produced  by  compounds  containing 
several  free  hydroxyl  groups.    Thus,  phenyl-sulphonic 

*  A/t/i.  ('hem.  Pharin.,  1S71,  clix.  164. 
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OH 


acid,  CjjH 


,  gives  a  violet  colour,  whilst  gallic 


SO.,.OH 


acid,  C,.H^(0H)3  COOH,  gives  a  blue-black  colour. 

Schiff's  work  was  extended  in  a  special  direction  hj 
Kodaiieclci*  who  investigated  the  relation  between  the 
constitution  of  certain  organic  dyestuffs  and  their  tinctorial 
properties.  He  found  that  phenoloid  colouring  matters 
combine  with  oxide  mordants  when  they  possess  two  hy- 
clroxyl  groups  in  the  ortho  position. 

In  a  subsequent  communication,  Kostanecl  i  f  gave  the 
name  of  "tinctogen  group"  to  that  atomic  grouping  which 
enables  dyestuffs  to  combine  with  oxide  mordants. 

The  further  question  of  the  formation  of  permanent 
"inks"  upon  vegetable  fibres  was  thoroughly  studied  by 
Sclduttig  and  Neuriiami.l 

In  ordsr  to  determine  whether  any  phenol  compound 
giving  an  intense  coloration  with  iron  salts  was  suitable 
for  ink,  they  made  a  series  of  tests  in  which  each  substance 
was  dissolved  in  water  (with  a  little  alcohol  if  required), 
and  then  treated  with  the  same  proportion  of  a  solution  of 
ferrous  sulphate. 

The  liquids  were  allowed  to  run  down  white  paper 
stretched  at  an  angle  of  45",  so  as  to  form  stripes  3  to 
6  mm.  in  breadth  as  in  their  "  Stripe  test*"  (p.  121),  which 
were  then  allowed  to  dry. 

In  the  case  of  phenol,  resorcin,  hydroquinone,  phloro- 
glucinol,  orcin,  triacetylgallic  acid,  trimethyl-pyrogallol, 
and  some  other  compounds,  nothing  but  a  faint  yellow 
stain  due  to  iron  oxide  was  obtained. 

On  the  other  hand,  dark  violet  colorations  of  varying 
intensity  were  given  by  gallic  and  tannic  acids,  pyrogallol- 
carboxylic  acid,  methyl  and  ethyl  esters  of  gallic  acid, 
potassium  pyrogallol-sulphonate,  and  htematoxylin. 

From  these  and  similar  experiments  Sclduttig  and  Neu- 
mami  established  the  fact  that  in  order  to  yield  colours 
forming  a  permanent  ink  on  paper,  the  comjiound  must 
contain  three  hydroxyl  groups  in  juxtaposition.  For 


*  Ber.  (1 .  (I.  chem.  6rW.,  1887,  xx.  3146. 
T  Ihid.  18SS,  31 13,  foot-note. 
\  Die  EheixjalluHthdcv.  \^.  i6. 
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OH 


instance,  hydroquinone  C^H 


does  not  viekl  an  ink, 


OH 


whilst  ha^matoxylin  and  gallic  acid,  each  of  which  con- 
tains three  adjacent  hydroxyls. 


give  permanent  colorations. 

The  colour  produced  by  the  other  substances  were  as 
resistant  to  the  action  of  water,  and  in  some  cases  {eg-, 
esters  of  gallic  acid  andLhfematoxylin)  more  resistant  than 
the  ordinary  inks  of  gallic  and  tannic  acids. 

Tnfliience  of  Light  and  Air. — On  exposing  stains  given 
by  the  different  compounds  that  formed  inks  for  six  weeks 
to  the  action  of  a  current  of  air  and  bright  sunlight,  the 
following  results  were  observed  : 

Completely  bleached. — Colours  of  paroxy benzoic  acid  and 
ortho-carboxylic  acid. 

YellOiVish-grey. — Pyrogallol-sulphonic  acid,  tribrompyro- 
gallol,  dibrom-gallic  acid,  and  tannic  acid. 

Deirh  grey. — Monobrom-gallic  acid,  pyrogallol-carboxylic 
acid,  and  gallic  acid. 

Darl'  hroim. — Pyrogallol. 

Greenish,  or  Bluish-hlacl: — Pyrocatechin,  protocatechuic 
acid,  methyl  and  ethyl  esters  of  gallic  acid,  and  hfema- 
toxylin. 

From  these  results  it  appears  that  the  inks  of  tannic  and 
gallic  acids  are  not  the  most  permanent,  but  are  far  ex- 
ceeded in  this  respect  by  logwood  (hsematoxylin)  and  other 
inks. 

The  behaviour  of  tannic  acid  ink  was  remarkakle,  for  it 
was  the  faintest  of  the  colorations  in  its  group  ;  whereas 
if  the  accepted  formula,  in  which  there  are  five  hydroxyl 
groups,  of  which  three  at  least  are  adjacent  (see  p.  67),  be 
correct,  it  should  have  been  one  of  the  darkest.  ^ 

The  stability  of  the  inks  was  found  to  stand  in  propor- 
tion to  their  darkness  on  exposure. 


C«H,(OH), 
HreuiiilDxyliii, 


Gallic  acid, 
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ScMuttig  and  Newmann  consider  that  these  experiments 
show  conclusively  that  a  determination  of  gallic  or  tannic 
acid  in  an  ink  (as  prescribed  by  a  German  statute,  p.  14), 
without  reference  to  the  presence  of  other  compounds  of 
the  same  character,  is  of  no  value  as  a  test  of  the  perma- 
nency of  that  ink. 

It  has  recently  been  shown  by  one  of  us  (Mitchell)*  that 
this  law  of  atomic  grouping,  established  by  Schlvttig  and 
Newnann,  in  the  case  of  iron  inks,  also  applies  to  inks  con- 
taining ammonium  vanadate  in  place  of  iron. 

Ieon  Tannates. 

Compounds  of  Iron  and  Tannic  Acid. — Numerous 
metallic  compounds  of  tannic  acid  have  been  prepared,  but 
the  iron  salts  are  of  primary  importance  in  the  manufacture 
of  ink.  Although  nickel,  cobalt  and  manganese  are  so 
closely  allied  to  iron,  it  is  remarkable  that  none  of  them 
forms  an  "  ink  "  with  tannic  acid. 

On  adding  a  ferrous  salt  to  tannic  acid  no  coloration  is 
at  first  produced,  though  under  the  influence  of  the  atmo- 
spheric oxygen  the  liquid  speedily  becouies  violet,  then 
darkens  into  an  ink,  and  eventually  deposits  a  violet-black 
compound  (^vide  infra).  On  the  other  hand,  when  a  ferric 
salt  is  added  to  a  solution  of  tannic  or  gallic  acid  reduction 
takes  place,  and  ferrous  iron  can  be  detected  in  the  liquid 
(Chcvrcul). 

Evidence  of  an  Intermediate  Blue  Iron  Oxide. — 

Berzclins  concluded  that  in  these  changes  a  new  acid  of  blue 
colour  was  produced,  but  Barresivil  f  showed  that  the 
evidence  pointed  to  the  presence  of  compounds  of  tannic 
or  gallic  acid  with  an  intermediate  blue  oxide  of  iron. 

Thus,  on  mixing  ferrous  and  ferric  sulphate,  and  imme- 
diately placing  the  mixture  in  sulphuric  acid  to  eliminate 
water,  a  deep  blue  mass  is  obtained.  An  evanescent  blue 
sulphate  is  also  produced  by  evaporating  a  solution  of  the 
two  sulphates  nearl}'  to  dryness.  Similarly  by  using 
crystalline  sodium  phosphate  instead  of  sulphuric  acid 


*  A  /u/li/xf,  1903.  xxviii.  146. 

f  Ciniiptcx  Bcnduf!.  1843.  -^viii.  739. 
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a  deep  blue  iron  phosphate  is  obtained.  BarresvAl  was 
unable  to  isolate  this  blue  oxide,  but  since  the  purest  blue 
colorations  were  obtained  with  sulphuric  acid,  gallic  acid, 
and  sodium  phosphate,  when  the  mixture  contained  three 
equivalents  of  ferrous  salt  to  two  equivalents  of  ferric  salt, 
he  inferred  that  the  hypothetical  blue  oxide  had  the  com- 
position Fe^O.j,  or  3FeO  .  2Fe..03. 

Tannates  of  Iron. — In  1833  Pelo^ize*  studied  the 
nature  of  the  compound  formed  on  adding  ferric  sulphate 
to  a  solution  of  tannin.  The  precipitate,  when  washed 
and  dried  at  120"  C,  yielded  12.0  per  cent,  of  ferric  oxide 
(=  8.4  j)er  cent,  of  iron). 

Wittstcin  t  prepared  a  series  of  insoluble  compounds  of 
some  of  which  there  is  reason  to  doubt  the  individuality. 

1.  Ou  leaving  a  solution  containing  i|  parts  of  tannin 
and  one  part  oi  ferrous  sulphate  exposed  to  the  air  for  a 
month,  a  precipitate  with  8.40  per  cent,  of  ferric  oxide 
was  obtained.  This  is  apparently  the  substance  formed 
when  ink  dries  on  paper  (Hejjirorfh  and  Mitoliell,  infrcC). 

2.  From  a  solution  containing  three  parts  of  tannin  to 
one  part  of  ferric  acetate  a  precipitate  yielding  20.15  V^^ 
cent,  of  ferric  oxide  was  obtained. 

3.  Ou  diluting  the  dark  blue  solution  a  resinous  pre- 
cipitate with  13.49  per  cent,  of  ferric  oxide  resulted. 

4.  Tannin  solution  added  drop  by  drop  to  ferric  acetate 
solution  gave  a  precipitate  yielding  50  per  cent,  of  ferric 
oxide. 

5.  On  adding  ferric  acetate  solution  to  a  tannin  solution 
the  precipitate  yielded  25  per  cent,  of  iron  oxide. 

Schiffl  pointed  out  that  the  series  of  salts  described  by 
Wittstcin  might  be  grouped  into  two  series,  viz.,  those  in 
which  the  hydrogen  in  a  molecule  of  acid  might  be  re- 
garded as  being  replaced  by  the  monovalent  group — [FeO], 
and  those  in  which  several  molecules  of  the  acid  gradually 
replaced  the  hydroxyl  groups  in  ferric  hydroxide — 
Fe,(OH;,,  - 

*  J  Hit.  (le  Chilli,  et  I'hijs.,  1833,  liv.  337. 
+  Jiilirrxhcr.  dcr  t'heiii.,  1848,  xxviii.  221. 
X  Ann.  Clii'in.  Plmriii..  1875,  clxxv.  176, 
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ScJiiff's  Formvlcr  for  the  Iron.  Tannatcs  of  Pdouze  and 
Wittsfcin."^ 


Formulii. 


Ci,H,,(FeO)Oi, 

Ci4H^(FeO).,0„ 

Ci,H6(FeO)40;, 

Ci4H5(FeO),0,, 

Fe(Ci,H,,Oc,), 

Fe(C,,H<,09), 

Fef 

\CuHoO„ 


Fe 


Fef 

I  ;C'i4H80, 
Fe< 


Fe 


Fe^ 


0 


HO. 
O^Fe,/ 

0=Fe./ 


Iron 

Ferric  oxide- 

Fi-rrii-  oxide 

(•MllMlliltod. 

(-iili-ulated. 

lound. 

I'd-  criit. 

IVr  c-oiit. 

Per  cent. 

14.21 

20.3 

20. 15 

Wittsteiu 

31-36 

44-8  ]  1 

]irepaffd 

36.95 

52.8  ]A 

compouiuL- 

41.36 

58.99  J  y 

containinu' 

42.8  to  56.3 

5-53 

7-9 

8.4 

(■\Vitt:^tein) 

8.00 

12.0 

(I'flouzf) 

10.43 

14.9 

13.4.  14.9. 

iS-4 

(Witts^tein) 

14.21 

20.3 

120.15 

(Wittsteiii) 

17-63 

25.2 

25.0 

(Wittstein) 

Schiff  considers  it  doubtful  whether  some  of  Wittstein' fi 
gelatinous  deposits  were  individual  compounds,  but  at  the 
same  time  points  out  that  the  agreement  between  the 

*  See  also  a  formula  on  p.  89,  suggested  by  Schiff,  wliich  corresponds 
better  with  the  amount  of  iron  found  by  Wittstein,  and  l)y  Mitc/icU  and 
Ifrinvort/i. 
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theoretical  values  and  the  results  actually  obtained  is 
remarkable. 

Viedt  *  states  that  he  has  prepared  an  iron  tannate 
consisting  of  17.8  grms.  of  iron  to  100  grms,  of  tannin, 
but  gives  no  details  of  the  analysis. 

Schluttig  and  Neumann^ s  and  Mitchell  and  Hepiuorth's 
experiments  on  the  composition  of  the  spontaneous  de- 
posit from  a  solution  of  ferrous  sulphate  and  tannic  acid 
are  described  at  length  below. 

Basic  Salts. — Buoss  t  has  recently  described  a  basic  iron 
tannate,  consisting  of  a  previously  unknown  ferric  tannate 
in  combination  with  ferric  hydi'oxide. 

This  was  prepared  by  treating  a  tannin  solution  with 
sodium  carbonate  solution,  and  adding  ferric  sulphate 
solution  to  the  soluble  sodium  tannate  formed.  The  excess 
of  iron  could  be  removed  by  treating  the  basic  tannate 
with  normal  acetic  acid,  leaving  the  insoluble  ferric 
tannate. 

This,  when  dried  at  100°  to  120"  C,  contained  15.0  per 
cent,  of  iron,  as  against  14.9  per  cent,  required  by  a 
tannate  of  the  formula — 

(Cj.H.Og)  Fe. 

Taking  into  consideration  the  formation  of  other  basic 
salts,  BiLOSS  subsequently  came  to  the  conclusion  that  it 
must  be  regarded  as  tannin  in  which  the  hydrogen  of  the 
carboxyl  group  was  replaced  by  the  monovalent  group 
[FeO],  thus— 

CuHyOgCFeO)  :=z  C^H^OyFe  +  HoO. 

Similar  black  basic  salts,  containing  two,  three,  four,  or 
five  atoms  of  iron  in  the-  molecule,  were  prepared,  but 
when  more  iron  was  introduced  the  colour  became 
brownish-black. 

These  salts  may  be  regarded  either  as  compounds  of 
the  normal  tannate  (Ci^ii709)Fe,  with  ferric  hydroxide,  or 
as  compounds  in  which  the  group  [FeO]  replaces  hydro- 
gen, both  in  the  carboxyl  group  and  in  the  hydroxyl  of 
the  ferric  hydroxide,  e.g. — 

CCi,HA)Fe  +  3Fe(OH)3  =  (C^AHeXFeO),  +  sH^O. 

*  Bhujler  X  poltjf.  Journ.,  1875,  C'cxvi.  456. 
f  Zeit.  (iiKil.  (hem..  1902,  xli.  732. 
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We  give  the  amount  of  iron  in  these  basic  salts  dried 
at  lOo'  C,  so  that  they  may  be  more  readily  compared 
with  the  compounds  of  Wittstein  and  other  earlier  in- 
vestigators. 

Basic  Tannates  of  Iluoss. 


Formula. 

Troll. 
IVr  i-L'iit. 

Ferric  oxide. 

Iron  fouml. 

I'er  cent. 

I'or  cent. 

((,;j,H,0«)Fe 

14.9 

21.27 

15.0 

(Ci4HA)(FeO), 

24.42 

34.88 

(Gi,H,09)(FeO)3 

31.40 

44-85 

36.96 

52.79 

(Ci,Hg09)(FeO)., 

41.36 

58-99 

Since  the  composition  of  these  basic  salts  varies  with 
the  concentration  of  the  iron  solution  used  for  the  pre- 
cipitation, Eicoss  points  out  that  they  may  also  be  regarded 
as  merely  mixtures  of  the  normal  tannate  with  ferric 
hydroxide. 

Ricoss  has  based  a  method  of  determining  tannin  upon 
its  precipitation  as  the  tannate  (Cj^^H709)Fe  (^vide  infra). 

Iron  Tannate  precipitated  hy  Hijdrogen  Peroxide. — Hcp- 
loorth  and  Mitchell  *  investigated  the  nature  of  the  tannate 
formed  on  adding  hydrogen  peroxide  to  a  solution  con- 
taining tannin  and  ferrous  sulphate.  There  was  an  im- 
mediate dense  black  precipitate,  which  rapidly  subsided, 
leaving  a  colourless  solution.  The  precipitates  thus 
obtained,  when  dried  at  100'  C,  were  found  to  contain 
from  21  to  22.5  per  cent,  of  iron,  and  were  probably  basic 
tannates. 

Gallic  acid  treated  in  the  same  manner  yielded  only  a 
very  slight  deposit,  but  the  colour  of  the  solution  changed 
to  dark  reddish-brown. 

x\ttempts  to  base  a  quantitative  method  of  determining 
gallotannic  acid  on  this  reaction  have  so  far  proved 
unsuccessful. 

*  Unpublished  results. 
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MfrrHODS  of  estimating  Tanmn. 

The  methods  of  determinirig  tannins  are  very  numerous, 
and  attempts  have  been  made  to  utilise  most  of  the  reac- 
tions that  seemed  likely  to  give  anything  approaching 
quantitative  results.  Thus  precipitation  with  gelatin  and 
with  all  kinds  of  metallic  salts  have  been  tried,  but  the 
results  of  different  observers  have  been  far  from  con- 
cordant, which  must  be  largely  attributed  to  the  fact  tbat 
there  are  numerous  tannins,  and  that  these  vary  in  their 
behaviour  with  different  chemical  reagents. 

For  valuation  of  tannin  materials  for  leather  manu- 
facture the  methods  chiefly  used  are  UhventliaV s  method, 
which  is  based  on  the  reduction  of  potassium  per- 
manganate by  tannins,  and  Procter's  method,  which 
depends  on  the  absorption  of  the  tannin  by  purified  hide 
powder. 

In  the  permanganate  method  an  aqueous  solution  of 
the  tannin  material  is  first  titrated  with  potassium  per- 
manganate solution  with  indigo  carmine  as  indicator  to 
obtain  a  valuation  of  all  the  reducing  substances  present. 
The  tannin  is  then  precipitated  by  means  of  gelatin,  and 
the  filtrate  again  titrated,  the  difference  between  the  two 
results  giving  the  amouat  of  tannin  in  terms  of  potassium 
pernianganate.  The  method  will  thus  give  the  relative 
tanning  value  of  two  samples  of  the  same  kind  of  material, 
but  numerous  precautions  are  essential  ;  for  the  speed  of 
titration,  strength  of  the  solution,  and  other  factors,  have 
an  influence  on  the  results.  This  method,  which  does  not 
estimate  gallic  acid  or  other  compounds  (other  than 
tannin)  that  give  a  coloration  with  iron  salts,  is  an  un- 
suitable one  for  the  valuation  of  tannin  material  for  ink 
manufacture. 

Procter's  Method.— We  have  found  Trimhlcs  *  appa- 
ratus (Fig.  27)  a  very  simple  and  satisfactory  one  for  the 
determination  of  tannin  by  Procter's  method.  This  con- 
sists of  a  cylinder  of  about  500  c.c.  capacity,  and  a  funnel- 
shaped  tube  about  18  cm.  in  length,  and  2.5  cm.  in  width 
at  the  bottom,  whilst  the  other  end  tapers  to  a  fine  tube 


*  'T/ic  Tannins,  ii.  p.  98. 
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on  which  is  fixed  a  piece  of  flexible  rubber  tubing  to  form 
the  other  limb  of  the  siphon. 

A  small  piece  of  cotton  wool  is  pushed  lightly  down  to 
the  narrow  end,  and  the  tube  then  loosely  packed  with 


Fig.  27. — Trimble's  apparatus  for  tannin  determination. 

8  to  10  grms.  of  purified  hide  powder,  and  the  opening 
closed  with  a  large  piece  of  cotton  wool. 

The  tannin  infusion  is  poured  into  the  cylinder  a  little 
at  a  time,  so  as  to  gradually  moisten  the  hide  powder. 
After  standing  for  about  two  hours  the  liquid  is  gently 
siphoned  through  the  indiarubber  tube,  the  first  30  to 

F 
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40  c.c.  being  rejected.  Fifty  c.c.  of  the  filtrate  are  then 
evaporated  to  dryness  on  the  water-bath,  the  difference 
between  the  weight  of  the  residue  and  that  previously 
obtained  by  evaporating  50  c.c.  of  the  tannin  before  the 
filtration  giving  the  amount  of  tannin  absorbed  by  the 
hide. 

Trimhk  obtained  results  by  this  method  higher  than 
those  given  by  the  permanganate  and  alum  gelatin 
methods. 

The  method  should  be  employed  by  the  ink  manufac- 
turer in  conjunction  with  a  colorimetric  one. 

Jackson's  Lead  Carbonate  Method.* — This  is  based 
upon  Jackson's  determination  that  a  i  per  cent,  aqueous 
solution  of  gallotannic  acid  has  a  specific  gravity  of  1003.8 
at  15.5°  0. 

The  extract  or  decoction  of  the  substance  is  diluted  to 
a  litre,  and  its  specific  gravity  determined  at  15.5°  C. 
(e.g.,  1003.86).  It  is  then  shaken  with  dry  lead  carbonate 
at  intervals  for  two  to  three  hours,  after  which  it  is  filtered 
and  the  specific  gravity  of  the  filtrate  determined.  The 
loss  in  specific  gravity  (e.g.,  1003.86 — 1 001. 5 2  2.34) 
divided  by  3.8  and  multiplied  by  20  gives  the  percentage 
of  tannin  absorbed  by  the  lead  (e.g.,  in  this  case=  12.30 
per  cent.). 

Jackson  obtained  the  following  results  with  solutions 
of  5  per  cent,  strength  : — 


Specific 
gravity  of 
solution. 

Specitic 
gravitj^  of 
filtrate. 

Tannin 
Per  cent. 

Valonia  .... 

1009.08 

1003  33 

30.2 

Sumach    .       .  . 

1008.25 

1003.61 

24.4 

1009.61 

1005.08 

23,8 

Oak-wood  extract 

1007.33 

1003.15 

21.9 

Chestnut  wood  extract 

1006.06 

1002.48 

18.8 

The  filtrate  from  the  lead  precipitate  in  this  method 
forms  a  black  ink  with  iron  salts,  and  the  method  is 
unsuitable  for  valuing  tannin  materials  for  ink  manu- 

*  Chem.  News,  1884,  1.  1079. 
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facture  unless  used  in  conjunction  with  a  colorimetric 
method. 

Ruoss's  Ferric  Sulphate  Method.* — This  is  based 
upon  the  formation  of  sodium  tannate  and  the  subsequent 
precipitation  of  the  tannic  acid  as  the  compound 
Oj^HgOg  (FeO)  (vide  supra)  by  means  of  a  sokition  of 
ferric  sulphate  containing  sodium  tartrate  to  prevent 
spontaneous  formation  of  basic  ferric  oxide  and  acetic 
acid  to  dissolve  the  ferric  hydroxide,  which  would 
otherwise  be  precipitated  simultaneously  with  the  tannic 
acid. 

The  reagents  required  are:  (i)  a  solution  of  50  grms. 
of  ferric  sulphate  (or  an  equivalent  quantity  of  ferric 
chloride  or  ferric  ammonium  sulphate)  per  litre  ;  (2)  a 
semi-normal  solution  of  crystalline  sodium  carbonate 
(71.3625  grms.  per  litre);  and  (3)  a  solution  of  5 
grms.  of  sodium  tartrate  in  a  litre  of  dilute  (6  per 
cent.)  acetic  acid. 

It  is  essential  that  the  ferric  sulphate  be  at  least 
equivalent  to  the  sodium  carbonate  solution,  i.e.,  when 
10  c.c.  of  each  are  boiled  together  and  filtered,  the  filtrate 
must  not  give  an  alkaline  reaction  with  methyl  orange. 
In  preparing  it  the  liquid  must  not  be  boiled,  or  basic  iron 
compounds  will  be  deposited. 

A  further  test  to  be  applied  to  the  solutions  is  that 
on  mixing  50  c.c.  of  water,  10  c.c.  of  solution  (i)  and 
10  c.c.  of  solution  (2),  and  immediately  adding  25  c.c.  of 
solution  (3),  the  liquid  must  remain  perfectly  clear  after 
being  boiled  for  five  minutes. 

The  tannin  solution  may  be  neutral  or  faintly  acid 
or  alkaline,  but  must  not  contain  more  than  0.4  per 
cent,  of  tannic  acid. 

In  the  determination  50  c.c.  of  such  a  solution  are 
shaken  with  10  c.c.  of  solution  (2)  and  10  c.c.  of  reagent 
(i)  (an  evolution  of  carbon  dioxide  taking  place),  and  then 
immediately  mixed  with  25  c.c.  of  the  sodium  tartrate 
solution  (3),  well  shaken,  and  boiled  for  five  minutes.  It 
is  then  filtered,  and  the  precipitate  washed  until  the 
washings  are  free  from  iron,  and  then  dried,  ignited,  ami 
weighed. 

*  Zeit.  ami.  Cliem.,  1902,  xli.  717. 
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The  weight  of  the  residue  multiplied  by  the  factor 

321.22  .  0.7001 

^  —  =  4.024 

gives  the  amount  of  tannic  acid  (mol.  weight  =  321.22)  in 
50  c.c.  of  the  tannin  solution. 

Gallic  acid  treated  in  the  same  way  gives  a  brown  colora- 
tion, but  no  precipitate  with  the  reagents,  and  passes  into 
the  filtrate,  where  it  might  be  determined  colorimetrically. 

This  method  has  not  proved  satisfactory  in  our  hands  as 
a  means  of  determining  the  value  of  tannin  material  for 
the .  manufacture  of  ink  ;  and  although  closely  following 
the  directions  given,  we  have  been  unable  to  obtain 
concordant  results  in  experiments  with  solutions  of  pure 
gallotannic  acid. 

Colorimetric  Methods. — It  is  obvious  that  the  ordinary 
gravimetric  methods  used  by  the  leather  manufacturer 
for  the  valuation  of  tannic  materials  are  not  very  suitable 
for  the  purposes  of  the  ink  manufacturer  who  wishes  to 
take  into  account  all  the  substances  capable  of  forming 
coloured  compounds  with  iron  salts,  and  not  merely  those 
forming  insoluble  compounds  with  gelatin. 

The  filtrate  from  the  determination  of  tannin  h^j 
Procter  s  method  almost  invariably  gives  a  dark  colour 
with  solutions  of  ferric  salts,  and  this  is  more  marked  in 
the  case  of  samples  of  old  material  in  which  the  original 
gallic  acid  has  undergone  more  or  less  decomposition. 
Eor  instance,  we  found  old  English  oak-apple  galls  to 
contain  1 1  per  cent,  of  tannin  by  the  gelatiu  absorption 
method,  whereas  the  filtrate  from  the  gelatin  compound 
gave  a  deep  blue-black  colour  with  ferric  salts,  and  when 
tested  by  our  colorimetric  method  was  found  to  contain 
substances  equivalent  in  tinctorial  effect  to  an  additional 
18  to  19  percent,  of  gallotannic  acid. 

Hinsdale's  Colorimetric  Method. — Hinsdale  *  has 
described  a  method  in  which  the  reagent  was  prepared 
by  dissolving  0.04  grra.  of  potassium  ferricyanide  in 
500  c.c.  of  water  and  adding  1.5  c.c.  of  ferric  chloride 
solution  (Amer.  Pharm.  strength). 


*  Amer.  Jturn.  PJiarm,,  1890,  Ixii.  119. 
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The  standard  tannin  solution  consisted  of  O.04  grm.  of 
pure  gallo tannic  acid  dried  at  100°  0. 

In  determining  the  proportion  of  tannin  in,  e.g.,  oak 
bark,  0.8  grm.  of  the  sample  was  exhausted  with  suc- 
cessive quantities  of  boiling  water,  and  the  extract  made 
up  to  500  c.c.  Five  drops  of  this  extract  were  then 
treated  with  5  c.c.  of  the  reagent,  and  the  same  quantity 
added  to  4,  5,  6,  7,  and  8  drops  of  the  standard  tannin 
solution.  After  one  minute  20  c.c.  of  water  were  added, 
and  the  colours  matched  within  three  minutes. 

Hinpdale  asserts  that  the  method  is  applicable  to  any 
substance  containing  less  than  10  per  cent,  of  tannin.  In 
the  case  of  stronger  solutions  an  equal  volume  of  water 
must  be  added  and  the  results  multiplied  by  2. 

We  have  made  a  number  of  determinations  by  this 
method,  but  in  our  opinion  it  has  the  drawbacks  of 
requiring  the  tannin  solution  to  be  so  very  dilute,  whilst 
the  reagent,  in  addition  to  being  unstable  and  possessing 
too  dark  a  colour,  gives  somewhat  indecisive  colorations 
with  tannin,  which  are  not  easy  to  match. 

We  therefore  discarded  it  in  favour  of  the  following 
colorimetric  process. 

Mitchell's  Colorimetric  Method.* — The  reagent 
consists  of  a  solution  of  O.i  grm.  of  ferrous  sul- 
phate and  0.5  grm.  of  sodium  tartrate  in  250  c.c.  of 
water.  On  adding  this  to  a  dilute  solution  of  gallotannic 
acid  or  gallic  acid  a  violet  coloration  is  produced,  the 
intensity  of  which  is  proportional  to  the  amount  of  these 
acids  present. 

The  standard  solution  for  colorimetric  comparison  con- 
sists of  0.1  grm.  of  dried  gallotannic  acid  in  500  c.c.  of 
water,  and  the  whole  of  the  1  substances  giving  a  coloration 
with  the  reagent  are  expressed  in  terms  of  gallotannic 
acid. 

Gallic  acid  may  also  be  used  for  the  standard  solution, 
and  the  results  expressed  in  terms  of  that  acid. 

The  colorimetrical  comparison  may  be  suitably  made  in 
the  tubes  first  designed  by  Hehner  for  Nesslerising  water. 
These  are  placed  on  a  white  tile,  and  the  colour  of  the 


*  Unpublished. 
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liquid  in  each  matched.  The  amount  of  gallotannic  acid 
in  the  tube  containing  the  standard  solution  being  known, 
the  equivalent  amount  in  the  other  tube  can  then  be 
readily  calculated. 


Fig.  28. — Heliner's  Nesslerising  tubes. 

In  this  way  the  following  results  were  obtained  : 
Nut  galls,  44  per  cent.  ;  oak-apple  galls,  30.7  per  cent. 

divi-divi,  34  per  cent.  ;  valonia,  57.5  and  59  per  cent. 

myrobalans,  39  per  cent. ;  Japanese  galls,  56  per  cent. 

aud  Chinese  galls,  62  per  cent. 


CHAPTER  IV. 


MANUFACTURE  OF  IRON  GALL  INK. 

Contents.— The  relative  proportion  of  galls  and  ferrous  sul- 
phate—Deductions  from  the  composition  of  ink  deposits— Old 
type  of  iron  gall  ink— Old  formulaj  of  iron  gall  inks— 
Unoxidised  iron  gall  inks- Gallic  acid  inks— Japan 
inks. 

The  process  of  preparing  ink  from  Chinese  or  Aleppo 
galls  is  a  very  simple  one.  The  galls  are  crushed,  mixed 
with  straw,  and  treated  with  hot  (not  boiling)  water  m  a 
high  narrow  oak  vat  containing  a  false  bottom.  The 
liquid  percolates  through  small  holes  in  this,  its  passage 
being  assisted  by  the  presence  of  the  straw,  and  is  then 
drawn  off  through  a  cock  and  pumped  over  the  goods 
again  and  again  until  the  whole  of  the  tannm  has  been 

The  final  extract,  which  should  contain  from  5  to  6  per 
cent,  of  i^mAn{ViecU),  is  then  mixed  with  a^  solution  con- 
taining the  necessary  amount  of  ferrous  suipnate. 

The  Eelative  Proportion  of  Galls  and  Ferrous 
Sulphate. 

Historical  Opinions.— If  we  compare  the  numerous 
formulte  given  by  different  chemists  who  have  investi- 
gated the  subject,  it  will  be  observed  that  there  is  fre- 
quently a  great  discrepancy  of  opinion. 

One  of  the  earliest  published  formulse  is  that  given  m 
1660  by  Gamwparius*  in  which  3  parts  of  galls  are  to  be 
used  to  I  part  of  ferrous  sulphate. 

Lewis,]  who  made  experiments  with  varying  quantities 

*  De  Atvameniii.  t  P-  377- 
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in  1748,  found  that  equal  parts  of  galls  and  ferrous  sul- 
phate yielded  a  good  black  ink,  but  that  the  colour  faded 
in  a  few  days  to  brownish-yellow  on  exposing  the  writing 
to  the  light.  An  infusion  from  2  parts  of  galls  mixed 
with  I  part  of  ferrous  sulphate  had  not  faded  so  much 
after  two  months'  exposure,  whilst  with  a  proportion  of 
3  to  I  the  colour  was  preserved  still  better.  By  still 
further  increasing  the  proportion  of  galls  to  6  :  i,  the 
writing  was  paler  but  more  durable.  The  proportion  of 
water  was  found  to  admit  of  much  greater  variation,  but 
40  to  50  parts  yielded  an  ink  of  sufficient  blackness  and 
permanency. 

Eiheaiccoitrt  *  confirmed  Lewis  s  statement  as  to  the 
influence  of  an  excess  of  iron  upon  the  writing,  and  also 
showed  that  when  the  galls  were  in  excess  the  characters 
soon  changed  to  brownish-yellow  on  exposure. 

From  his  experiments  he  concluded  that  a  proportion  of 
2  of  galls  to  I  of  ferrous  sulphate  was  sufficient  to  make 
a  good  ink,  and  that  Lewis's  proportion  of  3  to  i  was  too 
great. 

Other  proportions  recommended  are  4  :  i  (Msler,f 
1770);  5  :  I  {Beid+)',  1.5  :  i  (Braoide  §) 2.4  :  i  {Ure\\); 
&c.  &c. 

Ail  these  proportions  were  obtained,  empirically,  with 
galls  which  probably  contained  very  variable  proportions 
of  gallotannic  acid,  and  by  methods  in  which  different 
amounts  of  that  substance  were  brought  into  solution.  But 
making  allowance  for  this,  the  balance  of  opinion,  which 
is  also  supported  by  numerous  authorities  not  quoted 
above  (Booth,  Karmarsch,  Hochheimer,  &c.),  is  in  favour 
of  a  proportion  of  3  parts  or  thereabouts  of  galls  to  i  part 
of  ferrous  sulphate. 

This  conclusion  is  supported  by  the  experiments  of 
Schluttig  and  Neumann  on  the  composition  of  the  insol- 
uble iron  compound  that  formes  on  exposing  the  solution  of 
gallotannic  acid  and  ferrous  sulphate  to  the  action  of  the 
air,  and  by  our  own  experiments  on  similar  lines. 

*  Ann.  de  Cliim.,  1792,  xv.  113. 

t  Loo.  cit.  I  Phil.  Mag.,  1827,  ii.  114. 

§  Diet,  of  SciPMce,  art.  Ink.  '  ||  Blot,  of  Cheni. 


MANUFACTURE  OF  IRON  GALL  INK  89 


Deductions  from  the  Composition  of  Ink  Deposits. 

— Of  the  numerous  compounds  of  tannin  and  iron,  which 
have  already  been  described  (p.  76),  that  formed  during 
the  spontaneous  oxidation  of  the  ink  is  the  only  one  that 
need  be  considered  here,  for  the  insoluble  tannate  pro- 
duced by  oxidation  with  hydrogen  peroxide  has  a  com- 
pletely difierent  composition  {loe.  cit.,  supra). 

Wittstein*  exposed  a  solution  of  tannin  and  ferrous 
sulphate  in  the  proportion  of  3  :  i  to  the  atmosphere  for 
a  month  and  a  half,  and  thus  obtained  an  insoluble 
precipitate  which,  when  dried  at  100°  C,  yielded  8.40  per 
cent,  of  ferric  oxide  (=5.88  per  cent,  of  iron).  He 
proved  that  gallic  acid  was  not  formed  in  the  oxidation, 
since  the  liquid,  after  repeated  treatment  with  gelatin  to 
remove  tannic  acid,  yielded  a  filtrate  which  did  not  darken 
on  the  addition  of  ferric  salts.  The  precipitate  contained 
Jg-  of  its  iron  in  the  ferrous  state. 

The  formula  which  best  corresponds  with  this  proportion 
of  iron  is  that  suggested  by  Schif,f  which  requires  8.5  per 
cent,  of  iron : 

Yq  (014^909)5 
^^\CuH«09 
(01411909)5 

Schluttig  and  Neiimann.X  on  repeating  Wittstein's 
experiments,  obtained  a  series  of  five  spontaneous  pre- 
cipitates which  they  removed  from  the  ink  from  time  to 
time,  the  final  one  being  collected  after  an  exposure  of 
five  weeks.  These  five  precipitates,  dried  at  100°  _C.,  were 
found  to  contain  from  6.27  to  6.61  per  cent,  of  iron,  the 
average  in  the  five  being  6.35  per  cent. 

Precipitates  obtained  in  the  same  manner  and  allowed  to 
dry  spontaneously  in  the  air  contained  on  the  average 
4.8  per  cent,  of  iron.  A  complete  analysis  of  one  of  these 
air-dried  deposits  gave  the  following  results:  Carbon, 
35.77;  hydrogen,  5.19;  iron,  4.80 ;  and  oxygen,  54.24 
per  cent.  When  these  precipitates  were  dried  at  100°  C, 
the  dark  violet  colour  changed  to  black,  and  they  were 

*  Jahreshev.  iler  Chem.  (von  Berzelius),  1848,  xxviii.  221. 

t  Ann.  Chem.  Pharm.,  1875,  clxxv.  176. 

X  Die  Eisengallustlnten,  Dresden,  1890,  p.  44. 
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Amount  of  Iron  in  Spontaneoits  Deposits  from  Inks. 


No. 



Tamiin,  &c. 

Ferrous 
sulphate. 

Time 
before  col- 
lecting the 
deposit. 

Ferric 
oxide  in 
deposit. 

Iron  in 
deposit. 

I 

2 

Gallotaniiic  acid  (86       (2  grms.) 

Grms. 
3 

C.c. 
100 

I  month 
3  'lays. 

7o 

8  22 
849 

5-75 
5-94 

I 

2 

Gallotaiiuic  acid  (86  "j^)  (3  grins.) 

3 

100 

I  >veek. 

7-85 
8.63 

S-49 
6.04 

I 

Gallic  acid  (3  grms.)  (very  sliglit 
deposit) 

2 

250 

2  months 

25 

I7-.S 

I 

2 

3 
4 

Chinese  galls,  decoction  from  12 

grms. 

3 
>' 

200 

10  days 

7  >, 
3  weeks 
2  „ 

98 

10.3 
10.8 

ID.  8 1 

6.8 

7.2 

7-55 
7-56 

I 

2 

3 

Aleppo  blue  galls,  decoction  from  5 
grms. 

I 

200 

4  days 

to  „ 
3  weeks 

8.62 

11.03 
10.6 

6.04 

7.72 
7-4 

I 

2 

3 

Englisli  oak-apple  galls,  from  5 

grms. 

I 

;: 

200 

2  weeks 
I  week 

14.8 

12  9 
131 

10.3 

9.0 
9.2 

I 

2 

3 

Japanese  galls  (5  grms.) 

I 

9.CQ 

6  days 
3  weeks 
6  days 

ir.31 
ir.6 

7.91 
7.71 
8.12 

I 

2 

Divi-divi  (5  grms.) 

Ink  decanted  from  first  sediment 

I 

200 

2  weeks 
2  ■,, 

9.70 
II. 11 

6.77 
7-77 

I 
2 

Valonia  (5  grms.) 

I 

200 

1  week 

2  weeks 

"•53 
12  78 

8.1 
8.9 

I 

Myrobalans  (5  grms.) 

I 

200 

2  weeks 

8.21 

5-74 

I 

Chestnut  extract  (5  grms.) 

s 

200 

I  month 

IO-53 

7-37 
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then  found  to  contain  6.34  per  cent,  of  iron,  or  the  same 
proportion  as  the  deposits  dried  directly  at  that  tempera- 
ture. 

The  ratio  of  iron  to  tannin  was  thus  as  i  :  14.27  (or  i 
part  of  ferrous  sulphate  to  2.88  parts  of  tannin) — a  result 
which  agreed  fairly  well  with  Bieterich's  empirical  propor- 
tion of  I  part  of  iron  to  1 5  parts  of  tannin. 

As  there  was  considerable  discrepancy  between  the 
composition  of  the  deposits  obtained  by  Wittstcin  and  by 
Schluttig  and  Neumann  we  thought  it  advisable  to  once 
more  repeat  the  work,  using  not  only  tannin,  but  also 
extracts  of  different  kinds  of  galls. 

Our  results,  which,  as  will  be  seen,  were  obtained  under 
very  varying  conditions,  are  summarised  in  the  preceding 
table. 

Our  results  with  pure  gallotannic  acid  are  thus  more 
in  agreement  with  those  of  Wittstein  than  with  those  of 
Schluttig  and  Neumann. 

It  was  hardly  to  be  expected  that  galls  should  not 
contain  other  substances  besides  gallotannic  acid  forming 
insoluble  compounds  with  iron,  and  this  probably  accounts 
for  the  higher  percentage  of  iron  found  in  the  deposits 
from  English  oak-apple  gall  ink,  &c. 

We  found  that  the  precipitates  attacked  the  paper  if 
dried  on  the  filter  at  100°  C.,  and  we  therefore  in  most 
of  our  experiments  washed  the  deposits  into  a  platinum 
basin,  in  which  they  were  subsequently  dried  and  ignited. 

The  ratio  between  the  iron  and  gallotannic  acid  in  onr 
dried  deposits  was  as  i  :  16,  which  corresponds  with  a 
ratio  of  i  :  3.22  between  the  ferrous  sulphate  and  gallo- 
tannic acid. 

Hence  each  part  of  ferrous  sulphate  requires  3  parts 
of  pure  gallotannic  acid.  Since,  however,  the  proportion 
of  tannic  acid  varies  in  each  kind  of  material  employed, 
the  proportion  of  tannin  material  must  naturally  vary 
correspondingly. 

The  following  table,  giving  the  approximate  proportions 
of  diflferent  materials,  is  based  upon  the  average  amount 
of  tannin  they  contain,  and  on  the  results  of  the  preceding 
experiments.  It  is  assumed  that  practically  the  whole  of 
the  tannin  is  extracted  in  each  case. 
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Proportion  of  Tannin  Materials  required  ly  1  j^^ir^  of 
Ferrons  Sulphate. 


Coutainiiig' 

Tarts  by 

PUI'G  tUllUlC 

ncight 

1*0(^111 1'GQ . 

Per  cent. 

(circa). 
86 

3-8 

62 

5-0 

75 

4-3 

62 

5-0 

30 

II 

26 

12.5 

9 

36 

20 

16 

22 

14.6 

30 

II 

40 

8 

30 

1 1 

Taunin  material. 


Commercial  gallotannic  acid 
Aleppo  galls . 
Chinese  galls 
Japanese  galls 
Acorn  galls  (Knoppern) 
English  oak-apple  galls 
Chestnut  wood 

,,         „  extract 
Sumach 
Valonia* 
Divi-divi 
Myrobalans  . 


Old  Type  of  Iron  Gall  Ink. 

When  solutions  of  gallotannic  acid  and  ferrous  sulphate 
are  mixed  the  liquid  at  first  remains  colourless,  and  it  is 
only  when  oxidation  takes  place  that  a  violet-black  solution 
and  eventually  a  violet-black  deposit  is  formed. 

In  the  older  type  of  iron  gall  inks  it  was  therefore 
necessary  to  expose  the  liquid  to  the  air  for  some  time  to 
obtain  an  ink  which  would  give  writing  of  sufficient  im- 
mediate blackness,  although  even  the  writing  with  the 
colourless  solution  of  gallotannic  acid  and  ferrous  sulphate 
gradually  becomes  black  when  dried.  In  other  words,  a 
"provisional  colour"  was  formed  by  partial  oxidation  of 
the  ink,  and  the  insoluble  deposit  was  kept  in  suspension 
by  the  addition  of  a  sufficient  quantity  of  gum  arabic. 

Ink  thus  oxidised  yielded  an  immediate  black  writing, 
but  had  the  drawback  that  that  portion  of  the  ink  in  which 
the  oxidation  was  complete  did  not  penetrate  into  the 
fibres  of  the  paper,  but  was  attached  to  the  surface  by 
means  of  the  gum  and  could  be  washed  off. 


*  See  also  coloriinetric  results  on  p.  86. 
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In  a  good  iron  gall  ink  of  the  old  type  it  was  therefore 
essential  to  have  only  so  much  of  the  ink  oxidised  as  to 
give  an  immediate  black  colour,  leaving  the  remainder 
ia  an  unoxidised  state  to  penetrate  into  the  paper,  and 
form  the  black  insoluble  oxidised  tannate  within  the 
fibres. 

On  boiling  an  iron  gall  ink  the  oxidation  process  is 
accelerated,  and  there  is  also  some  decomposition  of  the 
tannate,  so  that  a  complete  ink  should  not  be  boiled. 

Provisional  Colouring  Matters. — The  paleness  of  the 
writing  with  unoxidised  ink  has  also  been  obviated  in 
many  inks  by  the  addition  of  logwood  extract  (p.  102),  or 
more  recently  of  various  aniline  colours  (p.  13).  Such 
colouring  matters  as  Prussian  or  Turnbull's  blue,  ultra- 
marine, or  the  various  blue  compounds  of  copper,  are  quite 
unsuitable  for  the  purpose,  since  they  are  either  too  insol- 
uble or  react  with  the  tannin  and  injure  the  colour  of  iron 
tannate.  The  most  suitable  and  most  widely  employed 
substance  as  a  provisional  colour  is  indigo,  the  presence  of 
which  is  a  characteristic  feature  of  the  so-called  "  aliza- 
rine "  inks  {vide  infra). 

Old  Formulae  of  Iron  Gall  Inks. — The  earliest  method 
of  preparing  iron  gall  ink  that  we  have  discovered  is  that 
of  the  Elizabethan  domestic  ink,  the  formula  of  which  is 
shown  in  the  frontispiece. 

Elizabethan  Ink. — Rain  water  (or  claret  wine  or  red 
vnnegar),  i  quart ;  galls,  5  oz. ;  ferrous  sulphate,  4  oz. ; 
gum,  3  oz.  After  five  days'  soaking,  the  extract  from  the 
galls  was  heated  just  to  the  boiling-point  with  the  ferrous 
sulphate  (see  also  the  rhyme  of  de  Beau  Chesne,  p.  12).; 

Canneparius*  (1660). — Galls,  3  oz.,  macerated  in  30  oz. 
of  white  wine  for  six  days,  and  the  extract  mixed  with  i  oz. 
of  ferrous  sulphate  and  2  oz.  of  gum  arable,  and  left  for 
four  days. 

Zeivis'f  (1760). — Galls,  3  oz, ;  rasped  logwood,  i  oz. ; 
water,  2  to  3  parts  ;  gum,  varied  at  discretion,  but  about 
^  oz.  per  pint.  The  ink  to  be  shaken  daily  for  ten  to  twelve 
days. 

"  Celebrated  Black  Di^esden  Ink  "  {i77o).X — Galls,  2  lbs. ; 
ferrous  sulphate,  |  lb. ;  gum,  6  oz. ;  alum,  2  oz. ;  verdi- 
*  De  Atramentis,  p.  270.  f  loo.  cit.  p.  377. 
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gris,  I  oz. ;  and  salt,  i  oz. ;  in  2  quarts  of  vinegar  and  2 
quarts  of  rain  water.  Decanted  after  two  days  and  shaken 
daily  for  eight  days. 

Eisler  *  (1770). — Galls,  4  oz. ;  ferrous  sulphate,  2  oz.  ; 
gum,  I  oz. ;  in  a  quart  of  rain  water. 

Ribeaucourt]  (1792). — Galls,  2  oz.  ;  ferrous  sulphate, 
I  oz. ;  copper  sulphate,  \  oz. ;  gum,  i  oz. ;  and  logwood, 
I  oz. ;  in  24  oz.  of  water. 

Reid  \  (1827). — Galls  (i  lb.)  extracted  twice  with  3  pints 
of  boiling  water,  and  the  extract  (2  quarts)  mixed  with 
3-f  oz.  of  ferrous  sulphate  and  the  same  quantity  of  gum. 

Unoxidised  Iron  Gall  Inks. 

The  use  of  indigo  as  a  means  of  improving  the  colour  of 
ink  was  mentioned  by  Eisler  in  1770  {loc.  cit.),  and  was 
used  in  this  country  by  Stephens^  in  1836. 

In  1856  Leonhardi,\\  of  Dresden,  patented  in  Hanover 
an  ink  consisting  of  an  extract  of  42  parts  of  Aleppo 
galls  and  3  parts  of  madder  in  1 20  parts  of  water,  mixed 
with.  li  parts  of  indigo  solution,  5!  parts  of  ferrous 
sulphate,  and  2  parts  of  metallic  iron,  dissolved  in  crude 
acetic  acid.  Subsequently  the  madder  was  omitted  as 
superfluous,  but  the  inks  still  retained  the  name  of 
"alizarine"  ink,  although  quite  free  from  alizarine.  The 
more  suitable  name  of  "  isatin "  inks  never  met  with 
popular  acceptance. 

In  "  alizarine "  inks  the  process  of  oxidation  is  pre- 
vented as  far  as  possible,  thus  keeping  the  liquid  free,  to 
a  large  extent,  from  insoluble  deposit,  and  giving  it  much 
greater  power  of  penetration  into  the  paper.  The  pre- 
sence of  the  indigo  makes  the  writing  immediately  blue, 
and  it  subsequently  changes  to  black  as  the  oxidation  of 
the  iron  tannate  proceeds  within  the  fibres  of  the  paper, 
the  oxidation  process  being  completed  in  eight  days  at 
the  most. 

The  addition  of  indigo  also  increases  the  permanency  of 
the  ink,  so  that  the  writing  offers  much  more  resistance 

*  Eisler,  Dintefcus,  p.  7.  f  Ann.  de  CMm.,  1792,  xv.  113. 

+  Philos.  Mag.,  1827,  ii.  m.      §  MeA-lian\c>i'  Mag.,  1836,  xxv.  229. 
II  Dingier  a  polijt.  Journ.,  1856,  cxlii.  141. 
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to  the  action  of  bleaching  agents  than  ordinary  iron  gall 
inks. 

Owing  to  the  absence  of  gum  the  inks  flow  more  readily 
from  the  pen,  and  are  less  liable  to  clog ;  but,  on  the 
other  hand,  the  presence  of  free  acid  in  considerable  pro- 
portion causes  the  pen  to  be  corroded. 

Thus  we  found  that  an  ordinary  steel  pen  left  in  a 
typical  commercial  "  alizarine "  ink  from  which  air  was 
excluded  had  lost  5  per  cent,  in  weight  after  six  weeks, 
whilst  the  ink  itself  had  become  semi-solid. 

Indigo  blue  is  soluble  ia  concentrated  sulphuric  acid, 
and  the  solution  can  be  diluted  to  a  great  extent  without 
yielding  a  deposit. 

Viedt*  gives  the  following  method  of  preparing  "aliza- 
rine "  ink  :  a  5  to  6  per  cent,  solution  of  sulphindigotic 
acid  is  treated  with  sufficient  iron  to  form  the  necessary 
amount  of  ferrous  sulphate  for  the  tannin  present.  The 
excess  of  free  acid  is  then  nearly  neutralised  with  chalk 
or  marble,  leaving  only  a  slight  amount  to  retard  atmo- 
spheric oxidation  of  the  ink.  The  clear  solution  is  then 
decanted  from  the  insoluble  calcium  sulphate  and  mixed 
with  a  5  to  6  per  cent,  decoction  of  galls,  yielding  a  green 
solution  through  the  mixture  of  the  yellow  gall  extract 
and  blue  indigo  solution. 

Inks  containing  neutral  indigo  carmine,  i.e.,  the  sodium 
or  potassium  salt  of  sulphindigotic  acid,  yield  deposits 
much  more  readily  than  inks  containing  free  sulphuric 
acid,  though  the  latter  also  form  sediments  in  time. 

Indigo  carmine  is  prepared  by  dissolving  indigo  in 
sulphuric  acid,  adding  alkali,  and  collecting  and  washing 
the  precipitate. 

Prolliiis  "  Alisarine  "  Ink,  which  was  recommended  by 
Bley\  as  superior  to  any  then  sold,  was  prepared  from  (i) 
\\  lbs.  of  galls,  with  sufficient  water  to  yield  5  lbs.  of 
decoction;  (2)  4  oz.  of  indigo  powder  mixed  with  i|-  lbs. 
of  fuming  sulphuric  acid,  and  allowed  to  stand  for  24 
hours ;  then  diluted  with  5  lbs.  of  water,  treated  with  8  oz. 
of  powdered  chalk,  and  8  oz.  of  iron  filings,  filtered  and 
added  to  (i). 

*  Binqler'' s  polyt.  Journ..  1875,  ccxvi.  533. 
t  lU  'd.  1857,  cxlv.  77. 
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"With  the  object  of  reducing  the  corrosive  action  of  the 
sulphuric  acid  in  the  ferrous  sulphate  upon  steel  pens 
several  manufacturers  have  proposed  to  ignite  ferrous 
sulphate  until  a  white  powder  was  left.  It  is  difficult  to 
see  what  advantage  such  a  process  can  have. 

Desormaix^s  gall  ink*  and  Haulers  non-corrosive  inkf 
were  prepared  in  a  similar  manner. 

Gallic  Acid  Inks. 

Beid,X  in  the  course  of  his  investigation  on  gall  inks, 
pointed  out  that  after  the  conversion  of  gallotannic  acid 
into  gallic  acid  more  than  twice  as  much  ink  was  produced. 
Thus  448  parts  of  galls  required  144  parts  of  ferrous  sul- 
phate, but  after  the  conversion  of  the  gallotannic  acid  into 
gallic  acid  336  parts  of  the  iron  salt  were  necessary  to 
obtain  an  ink  of  the  same  intensity. 

To  effect  this  conversion  in  practice,  he  exposed  a  decoc- 
tion of  lib.  of  galls  to  the  air  for  ten  days  with  continual 
daily  shaking,  and  then  added  to  each  quart  of  the  liquid 
3I  pints  of  water,  9  oz.  of  ferrous  sulphate,  and  9  oz.  of 
gum. 

Dieterich§  has  also  recommended  inks  prepared  from 
gallic  acid  solutions  obtained  hy  the  oxidation  of  gall 
extracts  or  tannin  solutions. 

Oxidised  Gall  Extracts. — 200  parts  of  powdered  Chinese 
galls  are  moistened  with  water  and  kept  in  a  warm  place(20° 
— 25°C.)  untilquite  mouldy, the  water  being:  renewed  daily, 
so  that  the  galls  feel  moist  but  not  wet.  After  eight  to  ten 
days  the  fermentation  is  complete,  and  the  galls  are  ex- 
tracted with  successive  portions  of  hot  water,  and  filtered 
after  the  addition  of  some  talc,  the  total  amount  of  extract 
and  washings  amounting  to  lOOO  parts. 

Oxidised  Tannin  Solutions. — 100  parts  of  tannin,  100 
parts  of  water,  and  20  parts  of  hydrocbloric  acid  (sp.  gr. 
1. 16)  are  heated  for  ten  hours  on  the  water  bath  at  80° — 
90°  C,  and  then  gradually  diluted  with  900  parts  of  dis- 
tilled water. 

*  McJbohon's  Diet,  of  C'hem.,  1820,  p.  507. 
f  Prechtl's  Technol.  Encijclop.,  1852,  p.  460. 
X  Philosoph.  Marl.,  1827, ill. 
§  Pliarm.  Manual,  1897,  j).  680. 


MANUFACTURE  OF  IRON  GALL  INKS  97 


For  writing  inks  Dieterich  finds  that  either  ferrous  or 
ferric  salts  can  be  used  with  such  oxidised  solutions,  but 
for  copying  inks  only  ferrous  salts  can  be  employed  (see 
chap.  xii.).  He  gives  the  following  directions  for  preparing 
inks  on  these  lines  : 

I.  Gall  InJi. — looo  parts  of  the  oxidised  gall  decoction 
are  mixed  with  lOO  of  ferric  chloride  solution  containing 
lo  per  cent,  of  iron,  the  ink  left  for  two  weeks  in  closed 
flasks  and  then  decanted. 

II.  Oxidised  Tannin  Office  Ink. — lOO  parts  of  tannin, 
lOO  of  water,  200  of  ferric  chloride  solution  (10  per  cent, 
of  iron),  and  10  per  cent,  of  crude  hydrochloric  acid  (sp.  gr. 
1. 16)  are  mixed  and  heated  for  ten  hours  at  80° — 90°  0. 
The  liquid  is  then  diluted  with  700  parts  of  hot  water,  left 
for  an  hour  at  the  same  temperature  (with  renewal  of  the 
evaporated  water),  cooled,  kept  in  a  closed  flask  for  two 
weeks,  filtered,  and  diluted  to  1000  parts. 

With  inks  thus  prepared  the  writing  is  at  first  hardly 
perceptible,  so  that  a  provisional  colour  is  necessary,  as  in 
the  case  of  the  following  formula  : 

Bhie-hlack  Iron  Gall  Ink. — Three  parts  of  phenol  blue  in 
400  parts  of  water  are  mixed  with  600  parts  of  oxidised 
gall  ink  (I.)  and  i  part  of  phenol,  and  left  for  a  week  in  a 
loosely  covered  flask,  after  which  the  clear  ink  is  decanted. 

Violet-Mack  Ink. — Prepared  in  the  same  way,  except 
that  1.5  parts  of  phenol  blue  3  F.,  and  2.0  parts  of  Ponceau 
red  R.R.  are  used,  instead  of  the  3  parts  of  phenol  blue  as 
the  provisional  colour. 

Red-Mack  Ink. — Six  parts  of  Ponceau  red  R.  used. 

Green-Mack  Ink. — Six  parts  of  aniline  green  used. 

Black  Ink. — The  provisional  colour  consists  of  10.5  parts 
of  aniline  green  D,  9  parts  of  Ponceau  red  R,  and  i  part 
of  phenol  blue  3  F. 

"  Alizarine  "  hik. — Four  parts  of  indigotin,  and  2.4  parts 
of  aniline  green  as  colouring  matter. 

Bine-green  Ink. — 1.5  parts  of  phenol  blue,  and  2.5  parts 
of  aniline  green  as  colouring  matter. 

For  the  formulae  of  gallic  acid  copying  inks  on  these 
lines  see  chap.  xii. 

State  of  Massachusetts  Official  Ink. — This  is  a  mixed 
tannic  and  gallic  acid  ink,  containing  the  following  con- 
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stituents :— Dry  gallotannic  acid,  23.4 ;  gallic  acid  crystals, 
7.7  ;  ferrous  sulphate,  30;  gum  arable,  25  ;  dilute  hydro- 
chloric acid,  25  ;  and  phenol,  i,  in  looo  parts  of  water. 

Japan  Inks. 

When  an  iron  gall  ink  has  been  oxidised  so  as  to  have 
become  converted  for  the  most  part  into  the  insoluble  black 
iron  tannate  (p.  13),  it  no  longer  possesses  the  penetrating 
properties  of  the  freshly  prepared  ink,  and  requires  the 
addition  of  a  considerable  amount  of  gum  to  keep  the  in- 
soluble powder  in  suspension. 

Such  ink  gives  an  immediate  black  writing,  which  dries 
on  the  surface  of  the  paper  with  a  varnish-like  gloss,  whence 
this  sort  of  ink  was  termed  Japan  ink  by  Bibeaucourt. 

Since  the  oxidation  has  taken  place  within  the  ink 
instead  of  partially  within  the  fibres,  as  in  the  old  type  of 
partially  oxidised  gall  inks,  Japan  inks  are  more  easily  re- 
moved than  other  gall  inks.  They  have  also  the  drawback 
of  stickiness  and  of  the  excess  of  gum  clogging  the  pen, 
whilst  they  also  readily  yield  large  deposits. 

Bibeaucourt' s  Japan  Ink  contained  the  ingredients  given 
in  the  formula  on  p.  94.  In  Mioton's  English  patent 
(No.  836;  1865),  complete  iron  gall  ink  was  oxidised  by 
being  percolated  through  narrow  openings  in  the  bottom  of 
a  vessel;  whilst  Carter  (Eng.  Pat.,  No.  1982;  1873)  obtained 
the  same  results  by  subjecting  the  ink  to  the  action  of  a 
current  of  air. 

Both  of  these  processes  produce  "  Japan  "  inks  of  the 
very  opposite  type  to  "  alizarine  "  inks. 


CHAPTER  V. 


LOGWOOD,  VANADIUM  AND  ANILINE  BLACK  INKS. 

Contents. — Logwood  inks —Logwood — Logwood  extract — 
Htematoxylin — Hajmatein — Iso-haematein — Addition  of  log- 
wood to  gall  inks — Logwood  inks  without  tannin — Chrome 
logwood  inks — Hasmatein  inks — Cse  of  logwood  in  patent  inks 
— Vanadium  inks— Black  aniline  inks. 

Logwood  Inks. 

Logwood. — This  well-known  dyeing  material  consists  of 
chips  of  the  wood  of  Hmmatoxylon  Campechianum,  a  large 
tree  (40  to  50  feet  high)  belonging  to  the  Ccesalpiniacece. 
It  forms  large  woods  on  the  Atlantic  side  of  Central  America^ 
in  Mexico,  and  in  the  West  Indies. 

It  was  first  discovered  by  the  Spaniards  in  the  Bay  of 
Campeachy,  in  Mexico,  and  exported  by  them  into  Europe. 
When  introduced  into  England  in  the  reign  of  Queen 
Elizabeth,  it  was  soon  employed  to  adulterate  other  dyes^ 
and  its  use  was  prohibited  as  "  affording  a  false  and  deceitful 
colour"  injurious  to  the  Queen's  subjects,  "and  discreditable 
beyond  seas  to  our  merchants  and  dyers."  This  Act  was 
not  repealed  until  i66r. 

The  constant  hostilities  between  the  Spanish  and 
English  led  to  the  tree  being  acclimatised  in  the  West 
Indies  in  1 7 1 5 ,  though  subsequently  a  treaty  was  concluded 
giving  the  English  the  right  of  cutting  and  exporting  the 
wood  from  Campeachy. 

The  best  Indian  logwood  is  not  so  valuable  as  the 
Mexican  product,  whilst  Honduras  wood  is  intermediate  in 
value. 

In  preparing  it  for  the  market,  the  wood  is  first  divided 
nto  logs  about  3  feet  in  length,  which  are  then  cut  into 
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chips  by  means  of  a  revolving  drum  provided  with  steel 
cutting  knives. 

Logwood  Extract. — Formerly  the  chips  were  moistened 
and  exposed  to  a  fermentation  process,  but  manufacturers 
now  endeavour  to  exclude  all  oxidising  influences. 

Three  methods  are  in  use  in  the  preparation  of  the  log- 
wood extracts  of  commerce.*  The  finely  divided  chips  are 
frequently  digested  with  hot  water  under  a  pressure  of  I 
to  2  atmospheres,  this  process  yielding  a  large  extract, 
which,  however,  contains  a  considerable  proportion  of 
resins,  fats,  and  other  impurities ;  (2)  the  French  method 
of  boiling  the  chips  with  water  at  the  ordinary  pressure, 
which  yields  a  smaller  though  purer  extract;  and  (3)  a 
diffusion  process,  in  which  an  apparatus  similar  to  that 
used  in  the  sugar  industry  is  employed.  The  yield  by  this 
process  is  smaller  than  in  (i)  or  (2),  but  the  shades  of  colour 
are  finer. 

If  the  wood  has  not  undergone  any  fermentation,  the 
extracts  contain  chiefly  hasmatoxyliu  and  but  little  hsema- 
tein.  They  are  sold  either  as  liquids,  with  a  density  of 
about  10°  Be.,  or  as  solid  gum-like  masses. 

The  tinctorial  value  of  an  extract  is  usually  determined 
by  practical  dyeing  tests,  the  amount  of  colour  fixed  on 
wool  mordanted  with  potassium  bichromate  and  tartaric 
acid  on  treatment  with  a  definite  quantity  of  the  dried 
sample,  being  compared  with  that  given  by  a  sample  of 
standard  quality. 

Logwood  extract  may  be  adulterated  with  molasses  or 
tannin  materials,  though  according  to  Rupe  (loc  cit.)  adul- 
teration is  not  so  frequent  now  as  formerly. 

Hsematoxylin  [OieH^^Og]. — The  colouring  matter  of 
logwood  does  not  occur  ready  formed  in  the  cells,  but  in  the 
form  of  a  compound,  Jmmatoxylin,  which  becomes  purple 
on  oxidation. 

Htematoxylin  was  first  discovered  by  Chevreul  f  in  18 10, 
and  termed  hoimatin  by  him,  a  name  subsequently  changed 
to  hcematoxylin  by  Erdmann,  X  in  order  to  prevent  con- 
fusion with  the  colouring  matter  of  blood. 

*  Rupe,  Die  Cliem.  dev  natur.  Fuvhstojfe,  p.  107. 
t  Ann.  CIt  'an.  Phys.,  1812,  Ixxxii.  53,  126. 
I  Ann.  Ckem.  Pkarm.,  1842,  xliv.  292. 
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It  was  obtained  by  Hesse*  in  the  form  of  colourless 
crystals  containing  3  molecules  of  water  [which  they  lost 
at  i2O°0.],  by  extraction  with  ether  containing  some 
water  and  in  the  presence  of  alkali  bisulphate. 

Properties. — Hematoxylin  has  a  sweet  taste  and  is 
slightly  soluble  in  water,  but  dissolves  readily  in  alcohol 
and  ether.  The  crystals  turn  red  on  exposure  to  the  light 
(in  the  absence  of  air)  without  changing  in  composition. 

Solutions  of  silver  and  gold  salts  are  rapidly  reduced  by 
them,  as  is  also  the  case  with  Fehling's  solution.  Stannous 
chloride  gives  a  rose-coloured  precipitate,  ferrous  ammo- 
nium sulphate  a  slight  violet  black  precipitate,  and  lead 
acetate  a  white  precipitate  changing  to  blue. 

On  dry  distillation  hgematoxylin  yields  pyrogallol  and 
resorcinol  (or  a  derivative). 

From  a  consideration  of  the  results  obtained  on  acetyla- 
tion  Beimf  concluded  that  hematoxylin  had  the  constitu- 
tional formula — 

C6H2(OH)3 
CgH4 

Hsematein  (Ci(5H^2C>6)- — The  colouring  principle  of  log- 
wood, which  is  first  formed  by  the  oxidation  of  the  pre- 
existing hematoxylin,  was  discovered  by  0.  Erdmann  {loc. 

cit.)-G^,^^,0,  +  0  =  Oi,H,,0,  +  H,.  _ 

It  forms  small  anhydrous  yellowish-green  crystals  with 
a  metallic  lustre.  These  are  only  slightly  soluble  in 
water,  alcohol  or  ether,  though  the  solution  in  water 
(0.06  per  cent,  at  20"  0.)  has  an  intense  colour. 

It  is  readily  soluble  in  alkalies  yielding  violet  or 
purplish  brown  compounds.  The  ammonium  compound, 
CieH^aC^G-^NHg  is  precipitated  by  most  metallic  salts. 
Thus  it  yields  a  violet  blue  precipitate  with  copper 
sulphate,  a  dark  violet  with  alum,  and  a  black  one  with 
iron  ammonium  sulphate,  whilst  it  reduces  a  solution  of 
silver  nitrate  {Hesse).  I 

*  Ann.  Chem.  Pharm,,  1859,  cix.  332. 
t  Ber.  d.  d.  chem.  Oes.,  iv.  329. 
t  Ivc.  cit   


102      INKS  AND  THE  IE  MANUFACTURE 


Haematein  is  reduced  to  hsematoxyliu  by  treatment  with 
sulphur  dioxide  or  hydrogen. 

Iso-hsematein. — When  haematein  is  treated  with 
concentrated  sulphuric  acid,  it  dissolves,  forming  a 
brov/u  solution,  from  which,  on  standing,  a  crystalline 
CHOI 

compound,  11^5 1  gQ^,  is  deposited  {Hummel  and 
Perkin).  * 

If  hydrochloric  acid  be  heated  with  haematein  in  a 
sealed  tube  the  colour  of  the  solution  changes  to  dirty 
yellow,  and  on  evaporating  the  liquid  a  crystalline  de- 
posit of  iso-haematein  hydrochloride  is  left.  By  treating 
this  with  silver  hydroxide,  and  concentrating  the  solu- 
tion in  vacuo,  iso-hcvm.atein  is  left  as  an  amorphous  mass 
with  a  greenish  metallic  lustre. 

Iso-haematein  has  the  same  composition  as  haematein, 
which  it  also  resembles  in  its  general  reactions,  though 
many  of  the  metallic  compounds  have  a  more  reddish 
shade  of  purple. 

Addition  of  Logwood  to  Gall  Inks. — The  advantage 
of  adding  a  small  proportion  of  logwood  decoction  or 
extracb  to  iron  gall  inks  has  long  been  known.  In  1763 
Lewis  f  made  a  series  of  experiments  to  determine 
whether  such  an  addition  had  any  injurious  effect  upon 
the  stability  of  the  ink,  and  found  that  the  colour  of  the  ink 
was  materially  improved  without  lessening  its  permanency. 

He  recommended  an  ink  consisting  of  3  parts  of 
galls,  I  of  ferrous  sulphate,  and  i  of  logwood  in  40 
to  60  parts  of  water,  with  gum  arabic  in  the  proportion 
of  |-  part  to  20  of  jnk. 

Uisler's  Logwood  Gall  Lnh  \  was  prepared  from  the  fol- 
lowing ingredients  : — Logwood,  8  oz.  ;  ferrous  sulphate, 
8  oz.  ;  vinegar,  \  quart ;  rain  water,  \  quart ;  galls,  4  oz.,  ; 
gum  arabic,  4  oz. ;  alum,  2  oz. ;  and  indigo,  i  oz.  The 
ink  was  left  for  fourteen  days  in  the  sun  before  using. 

Eiheaucourt  §  in  1792  agreed  with  Lewises  statement  as 
to  the  advantage  of  logwood  in  iron  gall  ink,  and  recom- 

*  Ber.  d.  d.  cliem.  Ges.,  xv.  2337. 

t  loc.  cit.  p.  377. 

X  Dintefasa,  1770,  p.  8. 

 ..§  Jjm./iS'G/dm.l'lyg2.,x^.'.iii. 
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mended  that  its  proportion  should  be  half  that  of  the 

Tliese  earlier  results  have  been  fully  confirmed  in  our 
time  by  the  experiments  of  SMuttig  and  Neumann,  who 
found  that  ink  prepared  from  hsematoxylin  and  iron  was 
even  more  permanent  than  those  prepared  from  gallo- 

tannic  or  gallic  acids.  .  7  .  <•      j  ^-u  +. 

Reid's  Gallic  Acid  Logwood  InL—Reid^  found  that 
when  gallic  acid  was  employed  in  place  of  gallotannic  acid 
logwood  might  be  added  in  the  proportion  of  i  J  parts  to 
I  part  of  the  former. 

He  prepared  an  ink  on  these  lines  by  exposing  a  decoc- 
tion of  galls  (I  lb.),  to  the  air  for  ten  days  with  occasional 
daily  agitation,  so  as  to  convert  the  gallotannic  acid  into 
gallic  acid,  and  then  adding  a  decoction  of  logwood  (i  ^  lbs.}, 
18  oz.  of  ferrous  sulphate,  and  18  oz.  of  gum. 

This  ink  is  decomposed  by  alkalies  and  alkali  carbon- 
ates, the  iron  being  precipitated. 

Logwood  Inks  without  Tannin.— Since  hematoxylin, 
the  active  agent  in  logwood,  contains  three  adjacent 
hydroxyl  groups  it  follows  the  general  rule  established  by 
SchluUig  and  Neumann  of  yielding  an  ink  with  iron 

The  iron  logwood  inks  have  a  greenish  shade,  which 
gradually  changes  to  black  as  the  writing  dries.  Alum 
loo-wood  inks  have  a  deep  violet-black  colour,  and 
chromium  logwood  inks  a  violet  colour  cnangmg  to 
black.  Chromic  acid  added  to  logwood  gives  a  deep 
black  precipitate,  whilst  potassium  chromate  yields  a  black 
ink,  and  if  added  in  excess  a  black  precipitate. 

In  fact,  as  Viedt  I  has  shown,  precipitates  are  gradually 
formed  by  oxidation  in  logwood  inks  containing  alum  or 
iron  or  copper  salts,  though  more  slowly  than  m  iron 
tannin  ink.  The  addition  of  logwood  m  excess  does  not 
prevent  this,  but  the  deposition  is  retarded  for  a  longtime 
by  completely  excluding  the  air. 

Eeinige's  Iron  Logwood Inh^— This  may  be  taken  as  a 

*  Die  EisengallustinUn,  p.  33. 

t  Philos.  Mag.,  1827,  ii.  115. 

J  Dingler's  i}olyt.  Joiini.,  1875,  ccxvi.  450- 

§  Ihid.  1857,  cxliii.  240. 
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typical  ink  of  this  class.  It  is  prepared  by  dissolving 
2  grms.  of  logwood  extract,  and  3  grms.  of  ferrous 
sulphate,  in  100  c.c.  of  water,  then  adding  10  grms.  of 
crystalline  sodium  carbonate,  and  finally,  2  grms.  of 
oxalic  acid.  After  complete  settlement  the  ink  is  decanted 
from  the  sediment,  and  a  suitable  proportion  of  gum 
added. 

This  ink  gives  a  good  black  writing,  but  we  have  found 
that  the  characters  become  somewhat  brown  after  two  or 
three  months. 

The  writing  gives  a  red  coloration  with  hydrochloric 
and  other  acids,  due  to  the  logwood,  and  a  bluish-green 
with  acidified  potassium  ferrocyanide  solution  indicating 
the  iron.    It  is  gradually  bleached  by  bromine  water. 

Beid*  who  investigated  the  character  of  the  inks 
formed  on  adding  ferrous  sulphate  to  logwood,  found 
that  the  greenish-blue  compound  first  formed  was 
gradually  oxidised  to  a  brownish-black  compound. 
Copious  deposits  were  given,  however,  by  such  logwood 
iron  inks,  and  hence  Beid  concluded  that  logwood  should 
not  be  employed  alone,  or  should  not  exceed  a  third  of  the 
amount  of  the  galls  in  mixed  inks. 

Bottger's  Alum  Copper  Logioood  InJc.-f — This  is  pre- 
pared by  boiling  i  part  of  alum,  2  of  copper  sulphate,  and 
4  of  logwood  extract  with  48  parts  of  water,  and  filtering 
the  solution.  The  filtrate  is  a  red-violet  ink,  which  writes 
pale  violet,  but  rapidly  darkens  and  soon  becomes  jet 
black. 

On  treatment  with  bromine  water  the  writing  is 
changed  to  red,  and  then  to  faint  brownish  yellow. 

The  great  drawback  of  the  ink  is  its  instability,  and 
it  must  be  kept  in  tightly  corked  bottles,  which  should 
contain  as  little  air  as  possible.  Ink  prepared  by  us  and 
kept  in  a  corked  bottle  containing  air  had  3aelded  a  dense 
deposit  in  six  weeks,  and  gave  only  faint  writing, 

Violet-Black  Boven  Ink  (Bncre  bleu  rouennaise).^ — This 
consists  of  a  decoction  of  75  parts  of  logwood  in  600 
parts  of  water,  to  which  is  added  3^  parts  of  alum,  3  parts 

*  Pkilos.  Mag.,  1827,  ii,  114. 

t  Dhigler's  polt/t.  Jo-urn.,  1857,  cxliii.  240, 

X  Hid.  1859,  cliii.  77. 
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of  gum  arable,  and  i|  parts  of  sugar  candy.  The  ink  is 
allowed  to  stand  for  two  or  three  days  and  then  strained. 

Inks  containing  only  logwood  and  alum  write  with  a 
reddish-violet  colour,  which  gradually  changes  to  a  dark,, 
though  not  absolutely  black,  shade. 

Viedt's  Copper  Logioood  Ink.  *— In  Viedt's  opinion 
copper  sulphate  should  always  be  used  in  preference  to 
ferrous  sulphate  in  logwood  ink,  since  it  gives  a  blacker 
writing. 

He  recommends  the  following  formula: — Logwood 
extract,  20  kilos,  in  200  kilos,  of  water,  mixed  with  a 
solution  of  10  kilos,  of  ammonium  alum  in  20  kilos,  of 
boiling  water,  and  the  mixture  treated  with  0.2  of  sul- 
phuric acid  and  1.5  of  copper  sulphate  in  20  litres  of 
water. 

In  order  to  obtain  a  darker  liquid  the  ink  is  exposed  to 
the  air  for  some  days  before  being  bottled,  thus  producing 
a  "  provisional  colouring,"  similar  to  that  given  by  indigo 
in  "  alizarine "  inks.  Inks  of  this  type  are  sold  under 
different  names,  e.g.,  Chemnitz  violet-blach  ink. 

To  obviate  the  paleness  of  the  writing  given  by  such 
inks  as  this  Stark  has  prepared  a  writing  and  copying  ink 
which  gives  immediate  black  characters  by  adding  a  little 
chromate  to  a  copper  logwood  ink,  the  chrome  ink  in  this 
case  representing  the  "provisional  colouring"  matter  {cf. 
p.  13). 

Viedt  {loc.  cit.)  states  that  he  has  never  known  an  ink 
of  this  kind  to  gelatinise. 

A  great  objection  to  all  logwood  copper  inks  is  that 
they  cannot  be  used  with  steel  pens,  which  gradually 
withdraws  the  copper  from  them. 

The  addition  of  free  sulphuric  acid,  as  in  Viedt' s  copper 
logwood  ink  {supra),  retards  the  formation  of  a  deposit, 
but  causes  the  ink  to  corrode  steel  pens. 

Chrome  Logwood  Inks. — Eunge-\  discovered  that  by 
adding  a  very  small  proportion  of  potassium  chromate  to 
a  decoction  of  logwood  a  deep  black  fluid  was  obtained, 
which  could  be  used  at  once  as  a  writing  ink,  though  by 

*  Dingler's  polyt.  .Journ.,  1875,  ccxvii.  76. 

t  Gmndriss  der  Chem.,  1847,  ii.  205  ;  Bitu/leT's  2Jolyt.  Journ.,  1848, 
cix.  225. 
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increasiDg  the  amount  of  chromate  a  black  precipitate  was 
produced. 

liunge's  Chrome  Ink. — This  was  originally  prepared  by 
boiling  lO  lbs.  of  logwood  with  water  until  80  lbs.  of 
■decoction  were  obtained,  and  adding  potassium  chromate 
in  the  proportion  of  i  part  in  lOOO. 

If  solid  extract  of  logwood  be  used,  1 5  parts  are  dis- 
solved in  1000  parts  of  water,  and  i  part  of  potassium 
chromate  added. 

Runge  claimed  for  this  ink  the  advantage  of  yielding 
permanent  black  writing,  and  of  not  acting  upon  steel 
pens. 

6ropc/ *  considered  that  Runge' s  formula  had  too  large  a 
proportion  of  logwood,  as  shown  by  the  red-brown  edges 
of  drops  of  the  ink  on  white  blotting  paper,  and  advocated 
the  following  proportions :  logwood  extract  24,  potassium 
chromate  2,  and  water  lOOO  parts. 

In  the  proportion  recommended  by  Karmarsch  (i  of 
chromate  to  8  of  logwood  extract),  the  ink  is  too  grey, 
pointiDg  to  an  excess  of  the  chromate. 

Although  Runge  had  been  able  to  use  his  ink  con- 
tinuously for  two  years,  it  has  been  found  by  others  that 
after  a  time  a  coagulation  due  to  some  unknown  cause  may 
occur. 

Stein'f  made  numerous  experiments  to  find  a  remedy  for 
this,  and  eventually  found  that  the  addition  of  4  grains  of 
mercuric  chloride  to  a  bottle  liquefied  the  coagulated  ink 
and  prevented  it  from  becoming  thick  again, 

Viedt^l  however,  asserts  that  Stein's  remedy  is  useless, 
and  that  a  better  remedy  is  the  addition  of  sodium  car- 
bonate, as  in  Bottger's  writing  and  copying  ink  (infra). 
He  found  that  such  ink,  when  kept  in  a  well-closed  ink- 
stand, remained  fluid  for  two  years,  and  hence  concluded 
that  the  best  means  of  preserviug  the  ink  was  to  com- 
pletely exclude  the  air. 

B'6ttger''s  Modification  of  Runge' s  Ink.^ — Fifteen  parts 
of  logwood  extract  are  dissolved  in  900  parts  of  boiling 

*  IJ'nuiler^s  jnilijt.  Jouvn.,  1859,  cli.  80. 

t  Jhi  'd.  1850,  cxv.  77. 

X  Ihid.  1875,  ccvii.  76. 

§  Ih  'id.  1859,  cli.  431  ;  1869,  cxci.  175. 
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water,  and  4  parts  of  crystalline  sodium  carbonate  dissolved 
in  the  clear  decanted  solution  ;  a  solution  of  i  part  of 
potassium  chromate  in  lOO  parts  of  water  is  finally- 
added. 

We  have  prepared  ink  by  each  of  the  above  methods. 
Runge's  original  formula  gives  an  ink  which  yields  very 
black  characters,  but  requires  the  pen  to  be  frequently 
filled,  or  the  writing  appears  faint.  The  ink  kept  in  a 
test-tube  closed  with  cotton  wool  was  perfectly  liquid 
after  three  months,  though  it  then  yielded  writing  with 
a  browner  tinge. 

A  simultaneous  experimxnt  in  which  a  drop  of  formalin 
had  been  added  to  the  ink  gave  analogous  results. 

Ink  prepared  at  the  same  time  by  Bottgers  modification, 
and  kept  in  a  large  well-closed  flask  (containing  air),  had 
a  slight  mould  on  the  surface  and  gave  dirty  brown 
writing.  Hence  the  addition  of  phenol  or  other  preserva- 
tive is  essential  for  this  ink. 

According  to  Viedt,  Plaster  s  "  Chrome  Ink  Fovjder  "  and 
Poncelet's  "  Inh  tvithoiU  Acid,"  are  imitations  of  Runge's 
original  chrome  ink. 

A  "  blue  black  ink,"  consisting  of  logwood  decoction 
and  chrome  alum,  gives  writing  which  is  too  pale  and 
grey. 

Bichromate  Logvjood  Ink.* — One  hundred  parts  of  log- 
wood extract  are  dissolved  in  800  parts  of  lime  water,  and 
when  solution  is  complete,  3  parts  of  phenol  and  25  parts 
of  hydrochloric  acid  are  introduced,  and  the  whole  left 
for  thirty  minutes  on  the  hot- water  bath.  It  is  then 
cooled  and  filtered,  30  parts  of  gum  arable,  and  3  parts  of 
potassium  chromate  added,  and  the  ink  diluted  to  make 
1800  parts. 

This  ink  is  violet-red  in  colour,  and  the  writing  at  first 
appears  reddish-brown,  but  rapidly  darkens,  and  within 
five  minutes  has  a  bluish-black  tint.  It  keeps  well  and 
yields  very  little  deposit,  but,  owing  to  the  amount  of  free 
hydrochloric  acid  present,  it  has  a  considerable  action 
upon  steel  pens.  Thus  in  one  of  our  experiments  a  pen 
left  in  the  ink  had  lost  4.5  per  cent,  in  weight  after  six 
weeks,  whilst  the  ink  itself  had  become  semi-solid. 
*  Dinglev's  polyt.  Jourri.,  1882,  ccxlv.  475. 
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The  basic  chloride  and  acetate  of  chromium  are  some- 
times used  instead  of  potassium  chromate  in  chrome  inks 
in  order  to  lessen  the  tendency  to  gelatinise. 

Dietericli^s  School  Inlc. — Dicterich  *  recommends  the  fol- 
lowing as  a  cheap  and  effective  ink  for  school  purposes : 
200  parts  of  a  20  per  cent,  solution  of  logwood 
extract  are  diluted  with  500  parts  of  water  and  heated  to 
90°  C.  A  solution  of  2  parts  of  potassium  bichromate,  50 
of  chrome  alum  and  10  of  oxalic  acid  in  150  parts  of 
water,  is  then  added,  drop  by  drop,  and  the  mixture 
maintained  at  90°  0.  for  thirty  minutes,  and  then  diluted 
to  1000  parts  and  mixed  with  i  part  of  phenol.  After 
standing  for  two  or  three  days  it  is  decanted,  and  is  then 
ready  for  use. 

Hsematein  Inks. — Inks  prepared  with  hgematein  in 
place  of  logwood  extract  have  more  brilliant  shades,  but 
are  wanting  in  lustre,  and  are  readily  decomposed  on 
heating. 

An  alkaline  heematein  ink  is  prepared  by  mixing  1 2 
parts  of  hsematein  with  720  parts  of  water  for  two  hours 
at  about  20°  C,  and  then  decanting  the  liquid,  heating  it 
to  30''  C,  and  adding  3  parts  of  crystalline  sodium  car- 
bonate. When  cold,  0.5  part  of  potassium  chromate  in 
48  parts  of  water  is  gradually  added  with  constant  stir- 
ring, and  lastly  12  parts  of  gum  and  0.5  part  of  phenol, 
with  sufficient  water  to  make  960  parts  of  ink  in  all. 

Schmieden's  Acid  Hcematcin  ink  consists  of  24  parts  of 
hgematein  dissolved  in  water  (760  parts)  at  a  temperature 
not  exceeding  39°  C,  then  acidified  with  80  drops  of 
strong  sulphuric  acid,  mixed  with  a  solution  of  4  parts  of 
ferrous  sulphate  in  48  parts  of  water,  12  parts  of  hydro- 
chloric acid,  and  diluted  to  960  parts,  a  sufficient  quantity 
of  gum  being  subsequently  added. 

This  ink  is  dark  red  in  colour,  and  gives  dark  red 
writing,  which  changes  to  brown  and  then  to  black  within 
twelve  hours. 

For  other  formulae  of  logwood  inks  see  Copying  Tnl'S, 
chap.  xii. 

Use  of  Logwood   in  Patent   Inks. — Logwood  fre- 
quently occurs  as  an  ingredient  of  patented  inks.  Thus 
riiarm.  Manual,  1897,  p.  685. 
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it  is  used  in  Whitfield's  Indelible  Safety  Ink  (Eng.  Pat. 
No.  7474 ;  1837),  whilst  Scott  (Eng.  Pat.  No.  8770  ;  1840) 
prepared  a  similar  indelible  ink,  consisting  of  a  logwood 
iron  ink  with  the  adding  of  gum,  indigo,  Prussian  blue, 
gas-black  and  iron  nitrate. 

In  Beades  patent  (Eng.  Pat.  No.  ii,474;  ^M^),  the 
precipitate  obtained  by  adding  metallic  salts  (iron,  copper, 
potassium  bichromate)  to  logwood  extract  is  incorporated 
with  a  printing  ink. 

In  1856  (Eng.  Pat.  342),  C.  and  G.  Swann  claimed  an 
ink  prepared  by  adding  potassium  bichromate  with  a 
sufficient  quantity  of  potassium  bicarbonate,  potassium 
chlorate,  mercuric  chloride  and  ammonia  to  a  decoction  of 
logwood. 

Underwood  (Eng.  Pat.  No.  11 12  ;  1857)  patented  a  leg- 
wood  copying  paper  (see  chap,  xii.),  whilst  logwood  and 
hematoxylin  ink  powders  were  claimed  by  Cooley  (Eng, 
Pat.  No.  106;  1867),  Byford  (Eng.  Pat.  No.  974;  1876). 
and  Grilmvald  (Eng.  Pat.  No.  963  ;  1881). 

Jolyi^ng.  Pat.  No.  4484;  1875)  prepared  an  ink  by 
the  action  of  tungsticacid  upon  colouring  matters,  such  as 
those  of  logwood,  elderberries,  &c. 

Fonseca  and  Co.  (Eng.  Pat.  No.  859 ;  1883)  used  logwood 
as  an  ingredient  of  an  indelible  carbon  ink ;  and  Frusher 
(Eng.  Pat.  No.  8241  ;  1885)  has  patented  the  manufac- 
ture of  ink  from  waste  logwood  and  potassium  bichromate 
from  dyeing  processes. 

Vanadium  Inks. 

The  discovery  of  the  fact  that  ammonium  vanadate 
forms  a  black  ink  with  gallotannic  acid  is  attributed  to 
Berzelius*  but  we  have  been  unable  to  discover  any  refer- 
ence to  the  subject  either  in  the  Jahresherichte  or  lehrhuch 
of  Berzelius.  The  statement  that  this  ink  is  of  a  very 
permanent  character  has  been  copied  from  one  text-book 
to  another,  and  is  still  found  in  different  standard  works 
on  chemistry. 

In  1889  A2->pelhaum  ^  md^diQ  a  number  of  experiments 

*  I)in(/ler\s  jjoli/t.  Journ.,  1835,  Ivi.  237. 
t  Ihid.  1889,  cclxxi.  423. 
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v:ith  inks  thus  prepared  from  gall  extracts  and  solutions 
of  pure  gallotannic  acid,  and  found  that  both  the  ink 
itself  and  the  writing  faded  after  the  lapse  of  a  few  weeks. 
Hence  he  doubted  whether  Berzdius  had  ever  made  any 
experiments  with  the  ink. 

We  have  repeated  the  work  of  Appelhaum^'  and  can 
confirm  what  he  says  about  gall  vanadium  inks,  though 
we  find  that  gallotannic  acid  gives  an  ink  of  somewhat 
greater  permanency  than  was  found  to  be  the  case  by 
him. 

It  has  been  shown  by  one  of  us  (M.)  that  the  law  estab- 
lished by  Scliluttig  and  Neumann  (p.  73),  for  iron  salts 
also  applies  to  ammonium  vanadate — i.e.,  that  it  yields 
black  ink  with  substances  containing  three  acjacent 
hydroxyl  groups.  Thus  gallic  acid,  logwood  extract, 
ha3matoxylin  and  pyrogallol  combine  with  ammonium 
metavanadate  to  form  black  inks,  whilst  phenol,  lenzoic 
acid,  saccharin,  &c.,  do  not  form  such  compounds. 

None  of  these  inks,  however,  have  proved  satisfactory  in 
our  hands.  Although  they  give  an  immediate  black 
writing,  the  characters  gradually  turn  yellow,  even  when 
protected  from  the  light.  Hence,  apart  from  the  question 
of  expense,  ammonium  vanadate  cannot  be  regarded  as  a 
suitable  constituent  of  writing  inks. 

It  has,  however,  been  claimed  as  an  addition  to  iaks  in 
various  patents.  Thus  Pinkney  (Eng.  Pat.,  No.  2745,  of 
1 871)  prepares  an  ink  from  an  aniline  salt  with  a  salt  of 
vanadium  or  uranium  and  an  oxidising  agent ;  ind  a 
similar  patent  was  taken  out  by  Gfraioitz  (Eng.  Pat., 
No.  1620;  1875).  The  use  of  vanadium  is  claimed  by 
Hiclcisson  as  a  constituent  of  a  marking  ink  (Eng  Pat., 
No.  5122;  1878),  whilst  it  is  also  used  by  Just,  Weilcr, 
and  Heideprieni  in  their  patent  safety  ink  (Eng.  Pat., 
16,7  S7\  1890). 

Mitchell  (loc.  cit.)  has  described  certain  reacticus  of 
vanadium  enabling  vanadates  to  be  readily  distinguished 
from  chromates,  which  are  frequently  very  simiiar  in 
colour. 

*  Anali/st,  1903,  xxviii.  146. 
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Black  Aniline  Inks. 

The  formation  of  aniline  black  in  a  fine  state  of  division 
within  the  fibres  of  the  paper  was  described  by  Jacohsen 
as  an  indelible  ink  for  writing  or  marking,  though  it  has 
chiefly  been  used  for  the  latter  purpose. 

Various  brands  of  nigrosine,  which  are  the  sodium  salts 
of  the  sulphonic  acids  of  anilidophenyl-  anilidodiphenyl 
and  dianilidodiphenylsafranin-hydrochloride,  are  used  in 
the  preparation  of  a  black  writing  ink.  They  are  readily 
soluble  in  water,  and  when  dissolved  in  the  proportion  of 
about  I  part  in  8o  yield  a  solution  which  flows  readily, 
dries  to  a  good  black,  and  has  no  action  on  metallic  pens, 
The  solution  keeps  well,  and  the  writing  resists  the 
action  of  different  chemical  reagents,  although  it  can  be 
removed  or  smudged  by  water,  and  lacks  the  permanency 
of  good  iron  gall  ink. 

Courier  and  Collins'  "  Indulin  ink,"*  which  was  awarded 
a  prize  in  Paris,  was  a  blue-black  ink  which,  according  to 
Viedt,  contained  nigrosine  or  similar  aniline  dye-stuffs. 

Solutions  of  nigrosine  were  sold  under  the  name  of 
'*  stylographic  ink  "  when  first  manufactured  in  1867,  owing 
to  the  readiness  with  which  they  flowed  from  stylographic 
pens. 

Particulars  of  other  aniline  inks  are  given  under 
Coloured  Inks  in  chap.  vi. 

*  Bbujler's  polyt.  Jinmi.,  1867,  clxxxiii.  78. 
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COLOURED  WRITING  INKS. 

Contents. — Historical — Coloured  aniline  inks — Fugitive- 
ness  of  aniline  inks — Patented  coloured  inks. 

Historical. — One  of  the  earliest  references  to  the  use 
of  a  coloured  ink  is  by  Plutarch,  who  mentions  a  red  ink 
(jTvppov  ^aixfxa)  with  which  certain  letters  were  marked 
on  the  doors  of  the  dikasts  in  Athens.  Red  ink  com- 
pounded with  minium  or  vermilion  seems  to  have  been 
used  for  the  titles  of  books  among  the  Romans,*  whilst 
JSidonius  (vii.  12)  states  that  rubrica  (red  ochre)  was  used 
for  the  same  purpose.  It  is  interesting  to  note  that  our 
word  "  rubric,"  which  is  applied  to  the  titles  of  sub- 
sections printed  in  red,  thus  finds  its  origin. 

A  reddish-purple  ink  was  prepared  by  the  Romans 
from  the  Murex,  the  mollusc  which  yielded  the  famous 
Tyrian  dye.  Montfaucon  was  of  opinion  that  this  was 
the  source  of  the  ink  used  by  the  Byzantine  Emperors  in 
their  signatures  to  documents.  In  fact,  the  use  of  any 
red  ink  was  forbidden  to  any  one  excepting  those  of 
royal  blood,  j- 

If  the  Emperor  was  still  a  minor,  his  guardians  signed 
for  him  in  green  ink,  the  general  use  of  which  was  pro- 
bably also  interdicted  to  some  extent.  According  to 
Asth,\  ink  of  this  colour  was  frequently  used  in  Latin 
m_anuscripts,  though  rarelj^  found  in  charters  ;  but  his 
remarks  apply  to  later  ages. 

The  same  authority  stated  that  blue  and  yellow  ink 
seldom  occurred  in  old  manuscripts,  and  that  he  knew  of 
no  instance  of  the  latter  being  used  later  than  1200  a.d. 

*  Ovid,  Trht.,  I.  i.  7.  f  Cod.  Justin.  I,  [23], 

X  Origin  of  Writlnf/,  1803,  p.  209. 
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Gold  and  silver  inks  were  used  by  both  Greek  and 
Roman  Emperors  at  later  periods.  These  probably- 
consisted  of  the  finely  divided  metals  incorporated  with 
some  adhesive  medium,  such  as  gum.  Metallic  writing 
of  this  character  was  sometimes  burnished  or  coated  with 
wax, 

Wecker  (Be  Secretis,  1582)  gives  details  of  the  compo- 
sition of  ink  of  different  colours,  and  refers  to  gold  and 
silver  inks. 

In  the  work  of  Canneparms  (1660),  to  which  we  have 
frequently  referred,  various  formulse  for  coloured  inks 
appear,  such  as  solution  of  verdigris  in  vinegar  for  green 
ink,  &c. 

The  use  of  both  indigo  and  logwood  as  dye-stuffs  was 
forbidden  in  England  in  the  reign  of  Elizabeth,  and  the 
Act  was  not  repealed  until  the  reign  of  Charles  II.  (vide 
supra).  After  that  they  gradually  came  into  use  as  con- 
stituents of  writing  inks,  and  are  now  widely  employed  in 
the  manufacture  of  black  writing  inks. 

Inks  can  be  made  of  any  desired  tint,  for  a  variety  of 
pigments  and  dye-stuffs  are  at  the  manufacturers'  dis- 
posal ;  and  the  discovery  of  the  coal-tar  colours,  to  which 
the  main  credit  is  due  to  Perkin,  has  increased  their 
resources  almost  indefinitely,  for  they  are  now  able  to 
match  any  ray  of  the  solar  spectrum.  Before  the  time  of 
alizarine  and  aniline  (1858)  the  maker  of  coloured  inks 
had  recourse  to  the  various  vegetable  and  mineral  pro- 
ducts which  have  been  used  from  time  immemorial  for 
dyeing  fabrics.  Thus  for  red  he  would  employ  Brazil 
wood  and  cochineal,  the  latter  having  a  disadvantage  in 
the  circumstance  that  caustic  ammonia  in  considerable 
quantity  is  necessary  to  dissolve  it,  so  that  it  shall  remain 
in  solution  and  flow  freely  from  the  pen.  But  cochineal 
or  carmine  inks  were  expensive,  and  they,  together  with 
Brazil  wood  and  tin-salt  red  inks,  ceased  to  be  manufac- 
tured to  any  great  extent  when  the  more  brilliant  coal- 
tar  colours  became  available. 

Older  Formulae  for  Coloured  Writing  Inks. — The 
following  recipes,  taken  from  various  sources,  are  typical 
of  the  kind  of  coloured  ink  prepared  from  pigments  other 
than  aniline  dye-stuffs  : 

H 
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Red  Inks. — (i)  Cocliineal,  i  oz.  ;  ammonia,  i  oz. ; 
and  water,  i  quart ;  the  infusion  being  decanted  after 
three  daj^s,  diluted  with  water  to  the  required  intensity  of 
colour,  and  a  little  antiseptic  added. 

(ii)  Brazil  wood  (powdered),  i  lb.  ;  acetic  acid  (5  per 
cent,  strength),  i  gallon,  boiled  until  of  sufficient  colour, 
and  the  extract  mixed  with  8  oz.  of  gum,  8  oz.  of 
alum,  and  a  little  antiseptic. 

Green  Inks.—(i)  Cream  of  tartar,  1  part ;  verdigris, 

2  parts,  boiled  with  8  parts  of  water. 

(ii)  Copper  acetate,  i  oz.  in  i  pint  of  water. 

(iii)  Potassium  chromate,  10  parts;  hydrochloric 
acid,  10  parts;  alcohol,  10  parts;  water,  30  parts. 
Neutralised  with  sodium  carbonate  after  reduction  to 
the  chromic  salt,  mixed  with  10  parts  of  gum,  and 
decanted  (  WincTder). 

(iv)  Indigo  ink  mixed  with  a  1.25  per  cent,  solution 
of  picric  acid  {Stein). 

Blue  Inks.—(i)  Freshly  precipitated  Prussian  blue 
triturated  with  a  tenth  of  its  weight  of  oxalic  acid, 
and  water  gradually  added. 

(ii)  Indigo  carmine,  10  parts;  gum,  5  parts;  in  75 
parts  of  water. 

Purple  Ink.— Ininsion  of  logwood  mixed  with  copper 
acetate,  gum  arabio  and  alum  {Normandy). 

Violet  Ink. — Indigo  blue  ink  mixed  with  cochineal  ink. 

Yellow  Inks.—{i)  A  decoction  of  25  parts  of  Persian 
berries  {Bhamnus  amygdalinus,  &c.)_in  100  parts  of  a 

3  per  cent,  solution  of  alum  mixed  with  4  parts  of  gum. 

(ii)  A  solution  of  gamboge  in  alcohol  (10  :  10)  mixed 
with  5  parts  of  gum  and  diluted  to  30  parts  with  water. 

(iii)  A  10  per  cent,  solution  of  picric  acid  containing 
2  per  cent,  of  gum. 

In  a  Report  to  the  Science  and  Art  Department  in  1888, 
Dr.  Russell  and  Sir  W.  Ahney  summarised  the  results  of 
their  experiments  on  the  stability  of  various  water-colour 
pigments  exposed  for  two  years  to  the  action  of  light  and 
dry  air.  In  each  case  a  wash  of  8  tints  was  applied  to 
paper  of  the  same  size  and  quality,  and  the  slips  enclosed 
in  glass  cylinders,  so  arranged  that  free  circulation  of  air 
took  place  whilst  dust  was  excluded. 
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_  In  the  following  list,  based  on  these  results,  the  different 
pigments  are  arranged  in  the  order  of  their  instability, 
whilst  those  showing  a  distinct  change  in  hue  or  depth  of 
colour  are  marked  with  an  asterisk:  Carmine,*  ciirason 
lake,*  purple  madder,*  scarlet  lake,*  Naples  yellow,*  olive 
green,*  indigo,*  brown  madder,*  gamboge,*  vandyke 
brown,*  Indian  yellow,*  cadmium  yellow,  sepia,*  aureolin, 
rose  madder,  permanent  blue,  Antwerp  blue,  madder  lake, 
vermilion,  emerald  green,  burnt  umber,  yellow  ochre, 
chrome  yellow,  raw  sienna,  Indian  red,  Venetian  red, 
burnt  sienna,  chromium  oxide,  Prussian  blue,  cobalt, 
ultramarine  ash. 

When  exposed  '  to  the  action  of  moist  air  very  few  of 
the  pigments  remained  unaffected,  and  none  of  those  of 
organic  origin,  whilst  the  Prussian  and  Antwerp  blues 
were  completely  destroyed. 

^  Experiments  were  also  made  in  which  the  washes  of 
pigment  were  protected  from  the  action  of  atmospheric 
oxygen  and  moisture.  The  vermilion  turned  black,  but 
this  change  was  attributed  to  a  physical  and  not  to  chemi- 
cal alteration. 

In  a  later  series  of  experiments,  to  quote  Sir  W.  Ahney's 
words  : 

"  We  took  exactly  similar  tubes,  dried  the  papers  very 
carefully  indeed,  dried  the  tube,  inserted  the  papers,  put 
a  Sprengel  pump  to  work,  and  made  a  vacuum,  and  then 
when  the  vacuum  was  very  complete,  sealed  off  the  top 
and  exposed  them."  Under  these  stringent  conditions 
only  five  colours  were  acted  upon  in  the  very  least,  and  the 
amount  of  change  was  almost  imperceptible.  The  five  that 
were  changed  were  vermilion,  raw  sienna,  Prussian  blue^ 
purple  madder,  and  sepia.  ^ 

Coloured  Aniline  Inks. 

Aniline  Inks. — Any  conceivable  kind  of  red  tint,  from 
magenta  to  the  most  brilliant  scarlet,  can  now  be  obtained 
from  the  makers  of  coal-tar  colours,  and  the  writers  have 
to  acknowledge  their  indebtedness  to  the  Badische 
Company,  Ltd.,  for  their  courtesy  in  supplying  full  infor- 
mation as  to  the  most  suitable  dye-stuffs,  and  sending 
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specimen  samples  for  testing.  Some  of  these  colours  are 
more  fitted  for  ink  manufacture  than  others,  those  which 
are  the  more  readily  soluble  in  water  being  naturally  the 
best.  The  red,  known  as  eosine,  which  was  discovered  by 
Caro  in  1874,  was  early  recognised  as  a  valuable  material 
for  the  purpose,  and  appears  to  be  more  used  than  any 
other  dye-stuff.  In  aqueous  solution  eosine  is  subject  to 
the  formation  of  a  fungoid  growth,  so  that  a  small  quantity 
of  an  antiseptic  must  be  added  to  the  ink  to  keep  it  in 
good  condition  ;  otherwise  its  rich  colour  is  liable  to  change. 

As  in  the  case  of  red  inks,  the  manufacturer  has  a 
number  of  different  tints  of  blue  to  choose  from  in  the  coal- 
tar  colours.  They  are  most  tempting  substances  to  employ, 
for  the  suitable  ones  form  a  true  solution  with  water,  and 
as  a  general  rule  nothing  beyond  water  is  required  to 
convert  them  into  serviceable  inks.  The  first  aniline 
colour  which  was  tried  for  the  purpose  was  Hofmann's 
violet,  discovered  in  1863,  a  dye-stuff  of  such  high  tinctorial 
value  that  an  ink  composed  of  one  part  of  it  in  200  parts 
of  water  not  only  gives  a  most  vivid  colour,  but  will  afford 
by  pressure  three  or  four  good  copies. 

Fugitiveness  of  Aniline  Inks. — Instances  of  the 
instability  of  ink  of  this  character,  which  is  largely 
employed  for  typewriting,  are  given  in  a  letter  to  the 
Scientific  American  (Ap.  18,  1903).  The  writer  states  that 
typewritten  documents,  after  being  stored  for  six  months 
in  a  slightly  damp  place,  were  illegible,  with  the  exception 
of  the  gall  ink  signatures. 

In  another  case  a  letter-book  was  wetted  with  water 
used  to  extinguish  a  fire,  and  the  signatures  (in  gall  ink) 
were  all  that  remained  of  100  pages  of  correspondence. 

It  has  also  been  shown  by  Cross  and  £cvan*  that  all  the 
aniline  colours  when  dyed  on  fabrics  fade  more  or  less  on 
exposure  to  sunlight,  whilst  eosine  and  methylene  blue 
are  specially  fugitive. 

The  following  table  of  certain  aniline  dye-stuffs  suitable 
for  coloured  writing  inks  is  based  on  information  supplied 
by  the  Bcidische  Company^  Ltd. 

See  also  Aniline  Black  Inks,  chap.  v.  ;  Copying  Inks, 
chap.  xii.  ;  and  Ink  Powders,  chap.  xvi. 

*  Juurn.  Soc.  Arts,  1891,  xxxix.  152. 
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Aniline  Dye-stuffs  suitable  for  Writing  Inks. 


Colour. 

Trade  name. 

Scientific. 

Eed. 

Eosine,  erj'throsine 
and  phloxine. 

Ponceau  scarlet. 
Cotton  scarlet. 

Alkali  salts  of  bromine  and  iodine 

compounds  of  fluorescein  and  of 

dichlorfiuorescein. 
Alkali    salts    of    xylidin-azo-  and 

cumidin  -  azo  -  naphtholdisulphonic 

acids. 

Sodium  salt  of  amido-azo-benzol-azo- 
naphtholdisulphonic  acid. 

Green, 

Neptune  green  S.G. 
Light   green  S.F. 
(yellowish). 

Light   green    S.  F. 

(bluish). 
Diamond  green  G. 

&  B. 

A  triphenylmethane  dye-stuff. 
Sodium  salt  of  diethyl-dibenzyl-dia- 

midotriphenyl  carbinol  trisulpho- 

nic  acid. 

Sodium  salt  of  the   dimethyl  com- 
pound. 

Salts  of  tetra-ethyl-  and  tetra-methyl- 
di  -  para  -  amido  -  triphenyl  carbi- 
drides. 

Blue. 

Indigo  carmine. 
Soluble  blue  T. 

Indigotin  sodium  disulphonate. 
Salts  of  triphenylrosanilin  and  tri- 

phenylpararosanilin  -  trisulphonic 

acids. 

Violet. 

Acid  violet  4B.L. 

Sodium  salt  of  tetraethyldibenzyl- 
pararosanilin-disulphonic  acid. 

Yellow. 

Fast  yellow. 
Tartrazine. 

Mixtures  of  the  sodium  salts  of 
amidoazobenzoldisulphonic,  mono- 
sulphonic,  and  amido-azotoluoldi- 
sulphonic  acids. 

Sodium  salt  of  diphenyl-parasulpho- 
nic  acid  or  of  azo-dioxytartaric 
acid. 

The  usual  proportions  that  we  have  found  to  yield  suit- 
able solutions  for  writing  inks  are  about  i  gramme  in  50 
to  80  c.c.  of  water,  according  to  the  tinctorial  power  of 
the  particular  dye-stuff.  The  inks  thus  made  are  very 
fluid,  and  in  this  respect  particularly  suitable  for  stylo- 
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graphic  and  other  descriptions  of  fountain  pens.  If  a 
suitable  dye-stuff  be  used  there  will  be  no  precipitation,  and 
therefore  no  suspension  of  particles  in  the  liquid.  There 
is,  theref  ore,  no  need  to  add  gum  to  inks  of  this  description ; 
indeed,  such  an  addition  would  tend  to  counteract  one  of 
their  most  valuable  properties — their  fluidity.  It  is  neces- 
sary to  mention  this  point,  because  we  have  found  many 
published  formulae  for  aniline  inks  in  which  sugar  or  gum 
is  erroneously  included  as  a  necessary  constituent. 

Patent  Coloured  Inks. — Reade,  in  his  patent  (No. 
1 1,474,  1846),  claimed  the  use  of  inks  containing  "  soluble 
Prussian  blue,"  prepared  in  a  specified  manner,  and  of  a 
red  ink  prepared  from  cochineal.  A  lake  of  cochineal 
extract  and  alum  dissolved  in  ammonia  solution  was  also 
claimed  by  Wood  in  1885  (Eng.  Pat.,  No.  1676). 

The  use  of  aniline  dyes  was  first  claimed  in  this  country 
by  Croc  in  1861  (Eng.  Pat.,  No.  2972),  and  in  the  following 
year  by  Annaud  (Eng.  Pat.,  No.  675,  1862).  Pigments 
from  aniline  waste  were  proposed  as  the  source  of  writing 
inks  by  de  la  Hue  (Eng.  Pat.,  No.  2235,  1862),  whilst 
aniline  dye-stuffs  were  again  patented  by  Jeferies  in  1879 
(Eng.  Pat.,  No.  3391).  For  other  patents  in  which 
coloured  pigments  are  claimed  see  Copying  Inks,  Sympa- 
thetic Inks  and  Ink  Foivders. 
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EXAMINATION  OF  WRITING  INKS. 

Contents.— Fluidity  of  ink— Penetration  through  paper- 
Stickiness  of  writing— Composition  of  commercial  inks— 
Schluttig  and  Neumann's  stripe  test  -Acidity,  action  on  steel 
pens— Stability  on  keeping— Examination  of  handwriting 
—Old  manuscripts— Palimpsests— Forged  handwriting- 
Bleaching  agents— Differentiation  of  writing  done  with  different 
inks— Photographic  methods— Mechanical  erasure— Chemical 
removal  of  writing— Destruction  of  sizing— Alterations  and 
additions  to  wi-iting— Photographic  distinction  between  dif- 
ferent inks. 

The  number  of  substances  entering  into  the  composition 
of  ink  is  very  large ;  but  since  the  influence  of  many  of 
these  on  the  permanency  of  the  writing  is  unknown,  a  full 
analysis  of  an  ink  would  not  afford  much  information,  at 
any  rate  as  compared  with  the  results  of  practical  tests. 

One  of  the  rules  of  the  German  Versiichsamt  is  that  an 
iuk  for  documentary  purposes  shall  contain  a  certain  mini- 
mum proportion  of  tannic  or  gallic  acids  derived  from  galls 
(vide  infra).  It  has,  however,  been  shown  conclusively  by 
Schluttig  and  Neumann,  who  submitted  samples  of  dif- 
ferent inks  to  the  office  for  examination,  that  the  chemical 
tests  employed  are  quite  incapable  of  identifying  an  ink 
prepared  (e.g.,  from  chestnut  bark),  and  they  therefore 
contend  that  an  ink  prepared  from  tannic  or  gallic  acid 
derived  from  any  source  should  be  permitted  in  inks  of 
Class  I. 

The  requirements  of  a  good  ink  are :  (i)  It  must  yield 
permanent  writing  which  becomes  black  within  the  course 
of  a  few  days ;  (2)  It  must  flow  readily  from  the  pen,  and 
penetrate  well  into  the  fibres  of  the  paper,  without  passing 
right  through  the  paper;  (3)  It  must  not  gelatinise  or 
become  mouldy  in  the  ink-pots ;  (4)  It  should  have  a 
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minimum  corrosive  action  upon  steel  pens ;  ($)  The  writing 
must  not  be  sticky  (except  in  the  case  of  some  copying 
inks). 

Fluidity  of  Ink. — Schluttig  and  Neumann  recommend 
their  stripe  test  (p.  121)  as  a  means  of  determining  the 
capacity  of  an  ink  to  flow  readily  from  the  pen  without 
spreading  too  freely  on  the  paper.  At  the  point  where  the 
glass  pipette  touches  the  paper  in  their  test,  an  oval  head 
to  the  stripe  is  formed,  whilst  the  remainder  of  the  stripe 
is  nearly  as  wide.  Of  8 1  inks  examined  by  Schluttig  and 
NeumoMn,thQ  majority  gave  the  same  results  as  the  typical 
ink,  whilst  the  copying  inks  yielded  somewhat  narrower 
stripes.  ^  Inks  flowing  too  readily,  however,  produced  a 
much  wider  head,  whilst  the  lower  part  of  the  stripe  was 
contracted  to  a  narrower  band  than  the  others. 

We  have  found  a  simple  viscosimeter,  consisting  of  a  50C.C. 
pipette  to  give  concordant  results  when  used  in  the  follow- 
ing manner.  The  pipette  is  standardised  on  distilled  water 
at  15.5°  C,  the  time  required  for  the  liquid  to  run  dov/n  to 
a  given  mark  on  the  lower  stem  being  taken  as  unity.  The 
ink  is  then  brought  to  the  same  temperature,  and  the  time 
taken  for  the  same  volume  to  run  out  determined  in  the 
same  way.  Thus,  in  a  pipette  from  which  the  water  ran 
out  in  40  seconds,  we  found  that  different  writing  ink& 
required  from  42  to  55  seconds,  whilst  copying  inks  in  some 
cases  required  70  seconds. 

Penetration  through  Paper. — This  is  best  determined 
by  a  practical  test  on  standard  paper,  under  the  same  con- 
ditions as  used  with  the  typical  standard  ink.  The  ink 
should  penetrate  into  tbe  fibres,  but  should  not  come 
through  the  paper. 

Stickiness  of  Writing. — Here,  again,  the  best  results 
are  obtained  by  comparison  with  a  typical  ink,  as  recom- 
mended by  Schluttif/  and  Neumann. 

Composition  of  Commercial  Inks. — Thefollowing  table 
gives  the  results  of  partial  analyses  of  certain  well-known 
commercial  inks.  It  will  be  seen  that  the  blue-black  inks 
of  the  three  different  manufacturers  are  very  similar  in 
character. 
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Ink. 

Specific 
gravity 
at 

15-5°  C. 

Water. 

Total 
.solid 
matter. 

Ash. 

Iron. 

Eiunx 
viscos]  ty 

TV  djLi.  1 

at  15*5  ^* 

=  40 
seconds). 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Seconds. 

I. 

Bine-black  1. 

96.21 

3-79 

0.764 

0.32 

2. 

I- 

1.0206 

96.42 

3-58 

0.767 

0.32 

52 

3- 

II. 

1. 0214 

96.44 

3-56 

0.90 

0  27 

49 

4- 

Clirome  ink 

98.70 

1.22 

0.26 

42 

5- 

"  Japan  "  ink  . 

1.0413 

92.74 

7.26 

2.18 

0.84 

55 

6. 

BInc-black  III. 

1.0141 

97-44 

2.56 

0.58 

0.23 

43 

7- 

Black  ink  (log- 

wood) . 

1.0115 

97.86 

2.14 

1.04 

0.14 

43 

A  qualitative  test  that  sometimes  enables  one  to  dis- 
tinguish between  inks  of  dijBferent  makers  is  their  behaviour 
on  titration  with  a  saturated  solution  of  bromine  water. 
Thus,  the  blue-black  ink  I.  became  first  dirty  grey,  and 
then  greyish-black ;  whilst  No.  II.  first  changed  to  violet 
and  became  turbid  brown  on  the  further  addition  of  the 
reagent ;  and  No.  III.  first  became  violet  and  then  dirty 
green,  the  liquid  remaining  clear  all  the  time.  This  last 
ink  was  also  characterised  by  the  ash  being  very  difficult 
to  burn  white,  and  being  then  extremely  insoluble  in 
hydrochloric  acid. 

The  presence  of  logwood  in  an  ink  is  readily  identified 
by  the  colour  changing  to  bright  red  on  the  addition  of 
hydrochloric  acid  (see  p.  104).  When  indigo  is  also 
present  the  hydrochloric  acid  gives  a  purple  colora- 
tion. 

Indigo  increases  the  stability  of  an  ink  towards  bleaching 
agents  such  as  bromine  water.  An  ordinary  iron  gall  ink 
is  rapidly  decolorised  on  the  addition  of  strong  hydro- 
chloric acid,  but  if  indigo  bo  present  the  liquid  remains 
blue,  even  after  being  boiled  with  the  reagent. 

Schluttig  and  Neumann's  Stripe  Test. — For  comparison 
in  their  colorimetric  method,  Schluttig  and  Nemnann  make 
use  of  a  standard  ink  containing  the  following  con- 
stituents:— Gallotannic  acid,  23.4  grms.  ;  gallic  acid,  7.7 
grms. ;  gum,  10  grms.;  hydrochloric  acid,  2.5  grms.  ;  and 
ferrous  sulphate,  30  grms.  in  a  litre  of  water.  After 
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standing  for  not  less  than  four  days,  this  ink  is  decanted 
and  kept  in  a  well-corked  bottle. 

In  testing  an  unknown  ink,  lo  to  15  c.c.  are  compared 
with  the  standard  ink,  and  should  there  be  a  difference  in 
shade  a  small  quantity  of  one  or  more  suitable  aniline  dye- 
stuffs  is  added  to  the  standard,  so  as  to  make  the  colours 
match. 

The  apparatus  required  consists  of  a  frame  over  which 
is  tightly  stretched  a  piece  of  best  writing  paper.  This 
frame  is  fixed  at  an  angle  of  45°,  and  the  unknown  ink  is 
allowed  to  run  down  this  from  a  special  pipette  delivering 
■exactly  0.6  c.c.  A  similar  stain  is  made  with  the  ink  after 
dilution  with  an  equal  quantity  of  water,  and  also  with  the 
standard  ink  before  and  after  dilution. 

When  the  ink  is  dry  the  paper  is  set  aside  in  a  place 
exposed  to  light  and  air,  and  after  eight  days  the  stains 
are  compared  with  the  standard  stains  with  regard  to  their 
colour,  whilst  their  shape  also  gives  an  idea  of  the  fluidity 
of  the  original  ink.  The  paper  is  also  to  be  cut  in  strips 
horizontally  and  one  piece  immersed  in  water,  another  in 
alcohol  of  85  per  cent,  strength,  and  a  third  in  alcohol  50 
per  cent,  strength  for  several  days.  If  the  stripe  of  any 
particular  ink  becomes  paler  than  that  of  the  typical  ink 
under  these  conditions,  Schluttig  and  Neumann  conclude 
that  the  former  is  either  too  poor  in  gallic  or  tannic  acid, 
or  contains  too  much  acid. 

The  objects  of  repeating  the  test  after  dilution  are  that 
the  added  aniline  colours  laave  less  disturbing  influence  in 
the  diluted  ink,  that  differences  of  intensity  are  more  pro- 
nounced, and  that  differences  in  the  breadth  of  the  stripes 
given  by  copying  inks  are  reduced  to  a  minimum. 

Schluttig  and  Neumann  do  not  contend  that  all  inks  must 
have  the  composition  of  their  typical  preparation,  but 
assert  that  while  containing  at  least  0.6  per  cent,  of  iron, 
they  must  give  equally  satisfactory  results  in  the  different 
tests. 

In  place  of  the  somewhat  complicated  apparatus  devised 
by  Schluttig  and  Neumann,  we  have  found  that  sheets  of 
Bristol  board  placed  on  a  wooden  stand  fixed  at  an  angle 
of  45°  give  satisfactory  and  concordant  results  in  this 
test. 
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Acidity  :  Action  on  Steel  Pens. — It  is  not  an  easy- 
matter  to  determine  the  amount  of  free  acid  in  an  ink  by 
titration  on  account  of  the  colour  of  the  ink  itself  masking 
the  change  of  colour  of  the  indicator.  It  is  possible, 
however,  to  obtain  approximately  correct  results  by 
diluting  the  ink  with  a  very  large  volume  of  water  and 
titrating  with  standard  alkali,  using  phenol-phthalein  as 
indicator.  Thus  in  the  case  of  a  well-known  blue-black 
iuk  we  found  that  the  acidity  of  lo  c.c.  of  the  ink  corre- 
sponded to  3. 1  c.c.  of  normal  alkali. 

Another  practical  test  is  to  immerse  a  steel  pen  in  the 
ink  for  a  given  period,  and  to  determine  the  loss  in  weight. 
Thus  in  the  case  of  the  ink  referred  to  above  we  found 
that  a  pen  had  lost  5.18  per  cent,  of  its  weight  after  being 
kept  in  10  c.c.  of  the  ink  for  a  month,  whilst  the  ink 
itself  had  become  nearly  solid. 

It  is  thus  evident  that  the  contention  of  Scliluttig  and 
Neumann  *  that  free  acid  does  not  act  upon  metals  in  the 
presence  of  tannin  is  not  justified  by  the  results  of  ex- 
periments. 

Scliluttig  and  Neumann  consider  that  it  is  not  possible 
to  fix  a  maximum  amount  of  acidity.  They  recommend 
their  stripe  test  as  the  best  means  of  determining  whether 
too  much  acid  is  present,  since  ink  darkens  more  slowly 
the  greater  the  proportion  of  acid.  Thus,  if  the  stripes 
are  as  intense  a  black  in  as  short  a  time  as  those  given  by 
their  standard  ink.  they  consider  the  amount  of  acid  as 
not  too  great. 

Stability  on  Keeping. — A  good  ink  will  frequently 
keep  as  long  as  a  year  without  throwing  down  any  in- 
soluble deposit  on  the  sides  of  a  vessel  provided  air  be 
excluded.  At  the  same  time,  if  a  sample  bottle  contain 
some  deposit,  the  ink  is  not  necessarily  of  bad  quality, 
since  this  may  be  due  to  changes  of  temperature.  Should 
there  be  a  pellicle,  however,  in  a  sample  bottle  the  ink 
should  be  rejected  as  inferior. 

Scliluttig  and  Neumann  have  devised  the  following  test 
for  determining  the  stability  of  an  ink  in  a  comparatively 
short  time :  The  bottle  containing  the  ink  is  allowed  to 


*  loc.  cit. 
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stand  for  three  days  at  a  temperature  of  io°  to  15"  C, 
after  which  50  c.c.  are  withdrawn  from  the  centre  by 
means  of  a  pipette  without  shaking  the  contents.  This  is 
filtered  and  25  c.c.  of  the  filtrate  placed  in  a  cylindrical 
glass  vessel  about  185  mm.  high  and  72  mm.  in  diameter, 
the  mouth  of  which  is  then  covered  with  paper  to  exclude 
dust. 

Schluttig  and  Neumann's  typical  ink  when  thus  tested 
remained  unchanged  for  three  weeks,  after  which  a  pellicle 
began  to  form  on  the  surface,  and  small  flecks  to  separate 
out.  This  ink  was  obviously  purer  than  ordinary  com- 
mercial inks,  many  of  which,  however,  remained  unchanged 
for  fourteen  days  or  longer,  and  in  Schhittig  and  Nc^i- 
mann's  opinion  this  period  should  be  fixed  as  the  minimum 
keeping  time  for  an  ink  of  the  first  class  under  these 
conditions. 


Examination  of  Handwriting. 

Old  Manuscripts. — We  have  already  pointed  out  that, 
although  in  many  ancient  manuscripts  the  writing  is  as 
distinct  as  when  first  written,  there  are  also  numerous 
cases  in  which  the  characters  have  faded  to  such  an  extent 
as  to  be  almost  illegible. 

Numerous  methods  have  been  suggested  for  restoring 
the  intensity  of  the  original  writing,  but  many  of  these 
are  open  to  the  objection  that  they  injure  the  surface  of 
the  material. 

The  oldest  and  best  known  of  these  methods  was  to 
sponge  the  writing  with  an  infusion  of  galls,  the  tannin 
of  which  would  once  more  combine  with  the  iron  left  in 
the  paper,  thus  forming  a  fresh  ink.  This  method  was 
described  in  the  book  of  Canneparius  in  1660. 

A  much  more  reliable  method  was  that  first  proposed 
by  Blagden  in  1787,  which  was  based  on  the  formation  of 
a  blue  compound  by  the  action  of  a  solution  of  potassium 
ferrocyanide  and  dilute  hydrochloric  acid  on  the  residual 
iron  in  the  paper.  This  affords  an  easy  means  of  dis- 
tinguishing between  carbon  inks  and  iron  gall  inks,  and 
Blagden  was  thus  able  to  show  that  the  writing  on  certain 
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vellum  manuscripts  of  the  ninth  and  fifteenth  centuries 
consisted  of  iron  ink. 

LenJier's  method  of  applying  this  process  of  restoration 
is  to  immerse  the  paper  for  a  few  seconds  in  one  per  cent, 
pure  hydrochloric  acid,  and  to  allow  it  to  dry  spontaneously. 
The  writing  is  then  dusted  over  with  powdered  potassium 
ferrocyanide,  and  covered  with  a  glass  plate  on  which  is 
placed  a  weight.  After  being  left  for  a  few  hours  the 
paper  is  thoroughly  dried,  and  the  excess  of  ferrocyanide 
removed  by  means  of  a  soft  brush. 

A  more  modern  and  less  drastic  method  is  to  use  a 
solution  of  ammonium  hydrosulphide,  which  is  applied 
for  a  few  seconds  until  the  writing  becomes  darker,  and 
is  then  sponged  off  as  rapidly  as  possible  after  the  desired 
effect  is  obtained. 

In  this  method  the  basic  ferric  salt  into  which  the  ink 
in  the  paper  had  decomposed  is  converted  into  the  black 
ferrous  sulphide.  Writing  thus  restored  may  speedily  be 
reoxidised  so  as  to  nearly  disappear  again,  and  the  method 
can  only  be  regarded  as  a  temporary  expedient.  Lenher  * 
has  devised  the  following  means  of  keeping  writing  thus 
restored  for  a  longer  period  :  The  damped  paper  is  sup- 
-  ported  on  a  frame  of  threads  fixed  half  way  up  in  a 
shallow  box  (four  inches  deep),  whilst  ammonium  sul- 
phide is  placed  in  a  small  dish  beneath.  The  box  is 
closed  by  a  glass  cover,  and  after  a  short  time  the  vapours 
of  ammonium  sulphide  act  on  the  writing,  which  becomes 
first  brown  and  then  black,  and  retains  its  intensity  so 
long  as  the  manuscript  is  left  in  the  box. 

Palimpsests. — The  name  palimpsest  is  derived  from 
the  Greek  words  TroXij/  =  again,  and  ircrsaroQ  =  rubbed. 
It  is  applied  to  old  manuscripts,  the  parchment  of  which 
had  been  previously  used  for  a  similar  purpose.  This 
practice  was  doubtless  due  to  the  cost  of  new  material. 
The  first  writing  on  the  skins  was  obliterated  by  means 
of  pumice  or  some  other  abrading  substance,  but  the 
mechanical  action  was  insujSicient  to  remove  characters, 
possibly  written  three  or  four  centuries  earlier.  In  cases 
where  the  iron  constituent  of  the  ink  had  sunk  deeply  into 


*  Die  Tinten  Fabrilcation.  p  144. 
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the  vellum,  it  would  be  almost  impossible  completely  to 
eliminate  it,  and  the  use  of  the  reagents  described  above 
would  reveal  the  original  characters. 

Morides'  Process. — This  consists  of  softening  the  skin 
by  leaving  it  in  distilled  water,  then  treating  it  with  a  one 
per  cent,  solution  of  oxalic  acid  to  bring  the  residual  iron 
in  the  paper  into  a  soluble  state,  again  rinsing  it  in  water 
and  immersing  it  in  a  one  per  cent,  solution  of  gallic  acid^ 
which  will  again  form  ink  with  the  iron.  Finally,  the 
parchment  is  washed  in  water  and  pressed  between  blot- 
ting paper.  Care  must  be  taken  to  avoid  an  excess  of 
oxalic  acid,  which  might  completely  destroy  the  writings 
and  the  method  has  the  further  drawback  that  the  parch- 
ment is  sometimes  blackened  all  over  by  the  gallic  acid. 

Lenher  advocates  exposing  the  parchment  to  steam  and 
then  to  acetic  acid  vapours  before  applying  the  gallic 
acid. 

It  may  also  be  noted  here  that  photography  affords  a 
ready  and  most  efficient  means  of  deciphering  such  parti- 
ally obliterated  writing,  the  pale  yellow  colour  of  the  iron 
oxide  from  the  old  ink  appearing  black  in  a  photographic 
copy. 

Forged  Handwriting. 

The  police  reports  abundantly  prove  that  the  ci-ime  of 
forgery  frequently  engages  the  attention  of  our  magis- 
trates. This  is  not  surprising  when  we  remember  that 
the  means  are  in  the  hands  of  every  one,  and  that  bankers' 
cheques  are  a  common  medium  of  exchange.  The  usual 
evidence  called  by  the  prosecution  is  that  of  the  hand- 
writing expert,  who  bases  his  opinion  on  the  form  and 
peculiarities  of  the  caligraphy.  We  are  inclined  to  think 
that  much  more  stress  might  in  many  cases  be  laid  upon 
the  chemical  aspect  of  the  question.  What  we  mean  is 
that  in  a  case  where  additional  letters  or  figures  have  been 
added  to,  say,  a  banker's  draft,  it  would  be  comparatively 
easy  to  ascertain  whether  the  interpolated  characters  had 
or  had  not  been  written  with  the  same  ink  as  that  used 
for  the  body  of  the  document.  When  there  is  any  objec- 
tion to  bringing  chemical  reagents  in  contact  with  the 
original  paper,  the  camera  can  be  employed  in  the  way 
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first  brought  into  prominence  by  Dr.  Paul  Jeserich,  which 
we  describe  at  length  in  a  subsequent  page.  \ 

Bleaching  Agents. — It  is  possible  to  remove  completely  ! 
all  traces  of  an  ink  stain  (not  containing  carbon)  by  the 
use  of  suitable  bleaching  reagents,  among  which  may  be 
mentioned  solutions  of  chlorine,  bromine,  acidified  bleach- 
ing powder,  &c. 

Traill,  in  the  course  of  his  research  into  the  permanency 
of  inks,  tested  the  effect  of  various  reagents  on  the  writing- 
done  with  ordinary  iron  gall  ink,  and  classified  them  into 
the  following  groups  : — 

I.  Those  completely  effacing  the  writing : 

Solutions  of  chlorine  ;  chloride  of  lime  with  weak  acid  ;. 
antimony  chloride  ;  dilute  aqua  regia ;  and  oxalic  acid. 

II.  Those  effctcing  the  ivriting  to  a  large  extent : 
Dilute  nitric,  sulphuric,  and  hydrochloric  acids. 

III.  Those  rendering  the  ivriting  faint : 

Solutions  of  potassium  and  sodium  hydroxides  and 
ammonia. 

To  the  first  group  we  may  add  the  following  sub- 
stances :  Bromine,  sulphur  dioxide,  sodium  nitrite  with 
hydrochloric  acid,  and  citric  acid ;  whilst  hydrogen  per- 
oxide solution  and  potassium  bisulphate  speedily  render , 
the  writing  very  faint. 

As  has  been  already  mentioned,  the  addition  of  indigo 
to  iron  gall  ink  renders  it  much  more  resistant  to  the 
action  of  these  reagents. 

DiflPerentiation  of  Writing  done  with  Diflferent  Inks. — 
If  writing  from  various  sources  be  subjected  to  a  system- 
atic series  of  tests  diiFerences  in  that  done  with  different 
inks,  or  even  at  different  periods,  will  generally  be 
observed.  For  instance,  in  the  case  of  the  reagents  used 
by  Traill  (supra),  fifty  envelopes  were  tested,  and  the- 
writing  on  no  two  of  them  gave  identical  results. 

Robertson  and  Hoffmann  *  employed  the  following 
reagents  for  distinguishing  between  writing  done  with 
different  kinds  of  ink.  In  each  case  a  feather  was  dipped 
in  the  reagent  and  a  note  taken  of  any  change  occurring  at 
the  junction  of  the  ink  and  paper. 

*  Eisner,  Die  Praxis  der  Chemiher,  p.  598. 
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in  Fig,  29  we  show  the  results  of  testing  the  writing 
done  with  different  commercial  inks  with  certain  bleaching 
reagents. 

Obviously  these  tests  can  only  be  looked  upon  as  typical 
examples,  for  numerous  other  substances  are  added  to 
modern  inks,  and  each  of  these  may  play  a  part  in 
modifying  the  reaction  given  by  any  particular  reagent. 

For  the  detection  of  forgeries  in  documents  Chevallier  * 
recommended  the  following  systematic  series  of  tests:  (i) 
Examination  of  the  surface  of  the  paper  with  a  magnify- 
ing glass ;  (2)  treatment  with  distilled  water  ;  (3)  with 
alcohol;  (4)  with  blue  and  red  litmus;  and  (5)  with 
various  chemical  reagents. 

i.  The  colour  of  the  ink  is  noted  and  any  irregularities 
in  the  edges  of  the  characters.  If  there  has  been  any 
mechanical  treatment  the  paper  may  appear  thinner  in 
some  places  than  in  others. 

ii.  Water  may  be  absorbed  more  rapidly  b}^  one  part 
than  another. 

iii.  The  object  of  the  alcohol  test  is  to  detect  removal  of 
the  size  in  the  treatment  which  removed  the  writing. 
The  writing  on  the  rubbed  part  spreads  out  more  and 
penetrates  into  the  paper.  Skilful  forgers  have  employed 
rosin  and  glue  to  restore  the  surface  of  the  paper.  To 
detect  this  the  paper  is  first  treated  with  hot  water  and 
then  with  alcohol. 

iv.  The  moistened  document  is  placed  between  sheets  of 
bl  ue  or  red  litmus  on  which  is  placed  a  weight,  and  a  note 
taken  of  any  change  in  colour  and  whether  it  is  uniform. 

V.  The  writing  is  moistened  and  treated  with  various 
intensifying  reagents  such  as  gallic  acid,  potassium  ferro- 
cyanide,  alkali  sulphide,  or  hydrogen  sulphide,  the  treat- 
ment being  repeated  after  twenty-four  hours.  Some- 
times prior  writing  appears  after  the  lapse  of  ten  to  thirty 
days, 

Chevallier  and  Lassaigne  f  advocate  the  use  of  iodine 
vapour  applied  to  the  moistened  paper,  a  blue  spot  appear- 
ing where  the  sizing  has  been  erased,  whilst  the  remainder 
of  the  surface  becomes  brown. 

*  Dingier'' s  jiolyt.  Joiirn.,  1832,  xliv.  131. 
f  Eisner,  loc.  eit.,  p.  600. 
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The  spots  are  then  best  treated  with  sulphur  dioxide 
solution,  then  with  a  3  per  cent,  solution  of  hydrogen 
peroxide,  and  lastly  with  ammonia.  After  removal  of 
the  excess  of  the  last  reagent  tannin  may  be  used  to 
render  any  characters  darker  and  more  visible. 

Potassium  fluoride  does  not  act  upon  indigo  or  aniline 
blue  ;  but  if  characters  made  with  Prussian  blue  be  mois- 
tened with  the  solution  and  steam  passed  over  them,  white 
flecks  appear. 

Photographic  Methods. — During  the  last  twelve  years 
considerable  attention  has  been  directed,  especially  on  the 
Continent,  to  the  application  of  the  camera  to  the  detection 
of  alterations  in  manuscripts  and  printed  matter.  The 
chief  advantages  of  photographic  methods  over  chemi- 
cal tests,  if  equally  efiicient,  are  that  the  document 
under  examination  is  not  afiected  in  any  way,  and  that 
details  can  be  magnified  to  any  required  extent  for  closer 
examination.  The  latter  consideration  is  of  special  im- 
portance in  cases  where  a  document  forms  the  subject  of 
inquiry  before  a  court  of  law,  and  where  it  is  necessary  to 
demonstrate  its  characteristics  to  a  judge  and  jury. 

Mechanical  Erasure. — We  have  previously  noted  that 
any  obliteration  of  writing  by  mechanical  means  can 
almost  invariably  be  detected  by  the  eye,  owing  to  the 
greater  transparency  of  that  portion  of  the  paper. 
Such  thinning  of  the  paper  would  be  detected  still 
more  surely  by  photographing  it  by  transmitted  light, 
the  local  injury  appearing  on  the  negative  as  a  blot  of 
greater  density.  If  photographed  in  direct  light  the 
abrasion  would  probably  not  be  apparent.  If,  on  the 
other  hand,  the  light  were  allowed  to  fall  obliquely 
upon  it,  the  roughened  fibres  would  stand  out  distinctly 
unless  some  special  means  had  been  adopted  for  con- 
cealing the  injury  {vide  supra). 

Chemical  itenioval  of  Writing. — The  slight  yellow 
stain  which  is  usually  the  efiect  of  removing  writing  by 
the  ai^plication  of  chemical  reagents,  though  hardly 
noticeable  to  the  naked  eye,  will  be  accentuated  in  the 
photographic  negative. 

Destruction  of  Sizing. — When  writing  has  been  re- 
moved by  mechanical  or  chemical  means,  the  size  or 
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other  dressing  on  the  paper  may  be  simultaneously 
removed.  This  again  would  often  be  invisible  to  the 
eye,  but  would  be  readily  revealed  by  the  camera,  for 
any  ink  marks  on  the  rough  places  would  spread  to  a 
certain  extent  over  the  now  unshielded  fibres  of  the 
paper.  An  enlargement  of  a  few  diameters  only  would 
render  manifest  the  rough  edges  of  the  lines. 

Alterations  and  Additions  to  Writing. — It  is  not  diffi- 
cult for  a  skilful  forger  to  alter  letters  or  figures  so  as 
to  deceive  the  casual  observer.  Thus  a  o  might  be 
turned  into  a  6  or  9,  or  the  word  "eight"  changed  to 
"eighty."  These  alterations  would  be  detected  by  a 
photographic  enlargement. 

Photographic    Distinction  hettoeen    Different  Inks.  

Jeserich  *  was  the  first  to  assert  that  inks  apparently  black 
were  really  brown,  blue,  or  red  in  tint,  when  dry  upon 
the  paper  ;  and  that  such  differences  were  clearly  shown  in 
an  ordinary  photographic  negative,  and  still  more  so  in 
one  taken  by  the  isochromatic  method.  This  statement 
has  been  repeated  by  Minovici,f  and  quoted  in  different 
journals. 

We  have  made  experiments  as  to  this  point,  writing  a 
series  of  words  with  different  commercial  inks.  Differences 
of  intensity  were  distinctly  visible  to  the  eye,  and  the 
photograph  taken  on  an  ordinary  plate  by  daylight  revealed 
no  more. 

We  have  also  photographed  the  same  writing  with  a 
Cadett  spectrum  plate  and  "Absolutus"  screen,  without 
attaining  any  different  effect.  It  is  evident  that  this 
method,  even  if  it  yield  good  results  in  particular  cases, 
is  not  generally  applicable. 

*  Joxirn,  Roy.  Phot.  Soc. 

t  Bull,  della  Soc.  Fotograf.  Italiana,  1900,  xii.  349. 
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PRINTINCx  INKS. 

CHAPTER  VIII. 

EARLY  METHODS  OF  MANUFACTURE. 

Contents. — Historical — China— Greece  and  Rome — England 
— Early  printed  books — Early  methods  of  manufacture — Fertel's 
method  of  making  ink — Breton's  method — Savage's  method  of 
manufacture — Modern  methods  of  preparing  ink. 

Historical. — China, — A  work  which  is  said  to  have  been 
written  during  the  reign  of  Wu  Wang,  about  1200  B.C., 
makes  mention  of  the  blackening  of  engraved  characters, 
but  it  does  not  seem  to  be  clear  whether  this  refers  to 
inscriptions  on  stone  which  would  be  thus  rendered  more 
legible — a  method  still  in  use  by  monumental  masons — or 
to  blocks  to  be  afterwards  used  to  yield  impressions  upon 
another  surface.  It  seems  certain,  however,  that  a  primi- 
tive mode  of  printing  was  known  by  the  Chinese  as  early  as 
50  B.C.,  but  that  not  much  advance  was  made  until  the 
reign  of  Ming-Tsung,  927  a.d.,  when  certain  volumes  were 
printed  from  stone  blocks  for  the  Imperial  College  at 
Pekin.  In  this  early  example  of  the  printer's  art  the 
characters  were  cut  into  the  surface  of  the  stone,  so  that 
when  printed  they  would  appear  as  white  on  a  black 
ground.  Shortly  afterwards  engraved  blocks  of  wood, 
with  the  letters  in  relief,  were  used  for  another  edition  of 
the  same  work.  In  the  eleventh  century  an  ingenious 
Chinese  block  was  made,  with  cut  or  moulded  characters 
in  cubes  of  porcelain,  and  these,  after  being  baked  to 
harden  them,  were  pressed  into  a  block  of  cement  so  that 
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they  could  be  printed  from.  The  method  was  not  fol- 
lowed up. 

The  adoption  of  movable  types  in  China  was  rendered 
difficult  for  the  reason  that  in  the  Chinese  language  the 
words  cannot  be  resolved  into  the  letters  of  an  alphabet. 
Each  word  requires  a  separate  character,  and  as  there  are 
about  80,000  of  them,  of  which,  however,  only  14,000  to 
15,000  are  in  common  use,  the  Chinese  printer  must  be  a 
man  of  exceptional  agility.  Nevertheless,  a  large  number 
of  books  and  periodicals  are  now  printed  in  China.  It  is 
obvious  that  the  Chinese  had  only  to  add  varnish  to  the 
black  pigment  familiar  to  them  in  order  to  compound  a 
good  printing  ink. 

Greece  aiid  Bo7ne. — Although  both  the  Greeks  and 
Romans  were  acquainted  with  the  art  of  engraving  on 
metals  at  a  very  early  period,  there  is  no  trace  of  any 
attempt  being  made  to  transfer  designs  so  cut  to  other 
substances,  if  we  except  certain  stamps  which  were 
employed  to  mark  bricks  and  articles  of  pottery.  There 
was  no  inducement  to  stimulating  invention  in  this  direc- 
tion while  slave  labour  could  be  employed  for  writing 
documents,  and  we  can  easily  imagine  that  with  the  decline 
of  Rome  literature  would  only  be  cultivated  by  the  very 
few.  But  as  soon  as  paper  began  to  be  known,  and  was 
recognised  as  a  unique  material  for  epistolary  corres- 
pondence, and  for  the  making  of  books,  the  minds  of  many 
must  have  instinctively  turned  to  the  possibility  of 
multiplying  copies  by  an  engraved  surface,  and  an  impres- 
sion-giving medium. 

England. — Gaxton  came  to  England  and  set  up  a  press 
in  Westminster  about  a.d.  1477  (the  exact  date  has  not 
been  ascertainable),  but  the  first  paper  mill  was  not  estab- 
lished in  England  until  1498.  The  printing  press  was 
therefore  ready  nearly  twenty  years  before  the  means  ex- 
isted in  this  country  of  supplying  it  with  its  first  requisite. 
But  in  Italy  and  Germany  paper  mills  were  at  work  in  the 
thirteenth  century,  and  in  France,  Switzerland,  and  Austria 
in  the  fourteenth.  The  arts  of  printing  and  papermaking 
naturally  reacted  upon  one  another  for  the  advantage  of 
each,  and  the  Chinese  are  believed  to  be  the  first  nation 
which  benefited  by  their  partnership. 
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Early  Printed  Books— Many  examples  of  early  printing 
can  be  seen  in  the  galleries  of  the  British  Museum ;  and 
it  is  interesting  to  examine  the  specimens  displayed  in 
cases  in  the  King's  library  there,  if  only  to  note  the  manner 
in  which  they  have,  with  very  few  exceptions,  preserved 
their  pristine  appearance. 

Block  ^oo/js.— Beginning  with  the  block  books,  i.e., 
books  in  which  both  cuts  and  letterpress  were  cut  on  solid 
wood  blocks,  we  find  that  the  earliest  bears  the  date  1470, 
and  we  learn  from  the  catalogue  that  "  the  long-accepted 
belief  that  letter-printing  from  the  solid  block  was 
necessarily  prior  to  that  from  movable  tvpes,  and  must 
therefore  have  been  introduced  by  about  1440,  is  now 
seriously  challenged." 

The  block  book  was  only  used  for  works  of  a  popular 
character,  and  answered  the  purpose  of  the  modern 
stereotype  block  from  which  a  number  of  copies  can  be 
printed  without  the  necessity  of  resetting  type.  These 
early  books  were  presumably  printed  without  the  help  of 
a  press,  the  impression  being  obtained  by  rubbing  the 
back  of  the  sheet  while  it  was  in  contact  with  the  thinly 
inked  block.  Only  one  side  of  the  paper  was  printed, 
the  other  being  left  blank.  In  later  examples,  however, 
both  sides  of  the  paper  were  printed  on,  and  it  is  inter- 
esting to  note  that  the  ink  penetrated  sufficiently  into 
the  substance  of  the  paper  as  to  be  distinctly  seen  through 
as  the  page  lies  open  in  its  present  situation. 

In  Case  I.,  which  is  devoted  to  these  block  books,  the 
first  example  exhibited,  the  product  of  an  unknown  printer 
m  the  Netherlands,  shows  that  an  ink  has  been  employed 
which  was  either  brown  in  colour  originally,  or  has  faded 
to  that  hue.  The  more  probable  explanation  is  that  the 
mk  was  made  of  an  impure  carbon,  which  would  give  a 
brown  tint.  In  all  the  other  examples  in  the  same  case 
the  prmting  ink  is  of  a  full  black,  although  instances 
are  not  wanting  in  which  for  lack  of  liberality  on  the  part 
of  the  prmter  it  does  not  present  a  complete  opacity. 

These  early  works  follow  the  old  manuscript  model  in 
the  possession  of  large  ornamental  initials,  and  other 
adornments  which  were  afterwards  added  by  the  "  rubri- 
cator."    In  one  specimen  we  can  note  that  the  capital 
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letter  at  the  commencement  of  every  sentence  has  an  up- 
right stroke  of  red,  which  has  as  obviously  been  executed 
by  hand  as  has  been  the  rough  colouring  of  some  of  the 
picture  blocks.  The  specimen  referred  to  is  known  as  the 
42-line  Bible,  which  is  attributed  to  the  press  of  Guten- 
berg at  Mainz,  about  145  5.  The  red  colour  has  apparently 
much  deteriorated,  and  it  would  be  interesting  to  know 
the  nature  of  the  pigment.  In,  another  example,  the  36- 
line  Bible,  also  from  Mainz,  the  red  initials  show  a  full 
scarlet. 

German  Books. — In  Case  V.,  which  is  devoted  to  examples 
of  early  printing  from  Germany,  we  find  the  first  illustrated 
edition  of  Virgil,  1502  a.d.,  with  a  preface  in  which  the 
compiler  boasts  in  Latin  verse  that  by  the  help  of  the 
pictures  the  ignorant  will  be  able  to  follow  the  text  as 
well  as  the  learned.  The  illustrations  are  certainly  very 
good,  with  engraved  lines  of  such  fineness  that  they  must 
have  required  an  ink  of  fair  quality  to  do  them  justice. 
There  is  no  trace  of  fading  in  any  of  these  books,  nor 
should  we  expect  to  find  any.  For  carbon  is  imperishable 
except  by  the  agency  of  fire,  and,  happily,  as  it  is  the  most 
easily  obtained  and  cheapest  black  pigment  known,  it  was 
naturally  adopted  by  the  first  printers. 

In  some  cases  the  ink  is  seen  to  have  "  set  off  "  on  th  e 
opposite  page,  a  fault  from  which  modern  books  are  by  no 
means  free,  showing  that  the  varnish  used  with  the  carbon 
was  improperly  prepared,  or  that  an  impure  form  of 
lamp-black  was  used. 

Italian  Books.— In  Case  VI.,  Italy,  1465-1472  a.d.,  we 
find  specimens  of  printing  which  are  very  brown  m  tone. 
In  one  example,  especially  No.  7,  there  are  two  full-page 
line  drawings  (wood  blocks),  which  appear  as  if  prmted  m 
strong  Vandyke  brown.  The  engravings  on  the  hidden 
side  of  the  leaves  are  seen  through  the  paper  so  distmctly 
as  to  give  the  idea  that  the  ink  must  have  contained  some 
corrosive  principle  that  allowed  it  to  eat  into  the  fibres  of 
the  paper. 

Butch  Books.— In  Case  IX.,  Netherlands,  there  is  a 
specimen  with  brown  ink  which  compares  unfavourably 
with  the  brilliant  black  of  the  ink  in  other  exhibits  in 
close  proximity  to  it.    Another  specimen  shows  the  paper 
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yellow  and  soiled,  while  the  print  is  strong.  In  this 
example  there  are  some  marginal  notes  in  a  very  much 
faded  writing  ink.  It  is  quite  possible  that  the  brown 
tiiit  observable  in  some  of  these  old  specimens  of  the 
printer's  art  is  due  to  the  use  of  carbon  prepared  from  the 
soot  of  burning  wood,  or  peat.  Such  a  product  has  long 
been  in  use  as  a  brown  pigment  by  water-colour  painters 
under  the  name  of  Bistre. 

Early  Methods  of  Manufacture. 

The  old  wall  ink  (atramentum  tedorium)  described  by 
Pliny  is  the  forerunner  of  our  printing  ink,  which  is  essen- 
tially a  kind  of  rapidly  drying  black  paint. 

One  of  the  earliest  printed  accounts  we  possess  of  the 
manufacture  of  printing  ink  is  that  given  by  the  Venetian 
Canneparius  *  in  his  book  on  inks  published  in  1660.  His 
ink  consisted  of  i  lb.  of  a  varnish  of  linseed  oil  and  juniper 
gum  thoroughly  incorporated  with  r  oz.  of  smoke-black, 
and  boiled  over  a  slow  fire  to  the  required  degree  of 
consistency. 

According  to  the  description  given  by  Moxon  in  his 
Mechanick  Exercises^  in  1683,  the  printing  ink  then  made 
in  England  was  very  inferior  to  the  Dutch  ink.  The 
main  differences  were  that  in  the  latter  only  linseed  oil 
and  little  rosin  were  used,  that  the  oil  was  better  prepared, 
and  that  the  varnish  was  only  incorporated  with  the  black 
by  the  pressmen  immediately  before  use  ;  whereas  in  the 
manufacture  of  the  English  ink  much  rosin  (and  fre- 
quently train  oil)  was  added  to  the  linseed  oil,  which  was 
also  insufficiently  boiled,  so  that  the  ink  was  oily  and 
separated  in  the  paper. 

*  De  Atramenti",  p.  260. 

t  Moxon's  actual  words  are  worth  quoting,  if  only  on  account  of  their 
quaintness. — "  The  providing  of  a  good  inck,  or  rather  good  varnish  for 
inck,  is  none  of  the  least  incumbent  cares  upon  our  master-printer, 
though  custom  has  almost  made  it  so  here  in  England  ;  for  the  process 
of  making  inck  being  as  both  laborious  to  the  body,  as  noysom  and 
ungrateful  to  the  sence,  and  by  several  odd  accidents  dangerous  of  firing 
the  place  it  is  made  in,  our  English  master-printers  do  generally  dischar  ge 
themselves  of  that  trouble  ;  and  instead  of  having  good  inck,  content 
themselves  that  they  pay  an  inck  maker  for  good  inck,  which  may  yet 
be  better  or  worse  according  to  the  conscience  of  the  inck  maker." 
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Manufacture  of  Dutch  Prmtmg  Ink  Varnish. — A  caul- 
dron was  half  filled  with  old  linseed  oil,  covered,  and 
heated  over  a  brisk  fire  until  the  oil  boiled.  When  heated 
to  a  sufficient  temperature  the  oil  was  fired  several  times, 
being  each  time  extinguished  by  means  of  the  cover  until 
eventually  a  varnish  of  the  required  consistency  was  ob- 
tained, this  point  being  determined  by  cooling  a  few  drops 
on  an  oyster  shell  and  testing  it  between  the  finger  and 
thumb.  It  was  then  allowed  to  cool  somewhat,  and  clarified 
by  squeezing  it  in  the  hand  through  linen. 

When  rosin  was  added,  it  was  used  in  the  proportion  of 
I  to  I  lb.  to  each  gallon  of  oil.  Moxon  asserted  that  the 
addition  of  too  much  rosin  made  the  ink  become  yellosv : 
but  Savage  denied  this,  since  in  his  experience  rosin  thick- 
ened the  oil,  and  prevented  it  separating  from  the  ink  and 
spreading  through  the  paper.* 

Moxon  stated  that  suitable  varnish  might  be  made 
without  actually  hurning  the  oil  ;  but  here  again  Savage's 
experience  was  that,  although  when  linseed  oil  was  boiled 
until  viscous  it  yielded  a  clean  and  workable  ink,  jet  aftei' 
a  few  days  the  oil  separated  to  some  extent  and  spread 
through  the  paper. 

Savage  considered  that  whilst  Moxon' s  strictures  on  the 
English  press  work  of  the  seventeenth  century  were  justi- 
fiable, yet  compared  with  the  English  ink  of  the  early 
nineteenth  century  this  boasted  Dutch  ink  would  have 
been  regarded  as  worthless. 

Pertel's  Method  of  Preparing  Ink. — Fertel,  a  French 
printer  of  St.  Omers,  published  a  work  on  pressmanship 
in  1723,  in  which  he  described  the  manufacture  of 
printing  ink.f 

This  was  prepared  by  heating  linseed  or  nut  oil  in  a  pot" 
with  an  adjustable  cover  until  the  vapours  became  inflam- 
mable (about  2|  hours),  a  crust  of  bread  being  introduced 
to  "withdraw  grease  from  the  oil,"  and  removed  when 
carbonised.  The  oil  was  then  withdrawn  from  the  fire, 
the  pot  uncovered,  and  the  vapours  allowed  to  burn.  The 
addition  of  turpentine  oil  advocated  by  some  printers  was 

*  The  Preparation  of  Printing  Inh,  1823,  p.  29. 

f  La  Science  pratique  de  V Iniprinurie.    St.  Omers.  172J. 
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objected  to  by  Fertel  on  the  ground  of  making  the  ink 
clog  the  face  of  the  type. 

The  varnish  thus  prepared  was  incorporated  with  smoke- 
black  from  pitch  resin  collected  in  a  chamber  hung  with 
sheep-skins,  the  usual  proportions  being  5  oz.  to  2  lbs.  of 
varnish,  and  the  ink  ground  thoroughly  and  worked  upon 
the  inking-table.  In  Savage's  opinion  this  proportion  of 
lamp-black  was  too  small  for  a  good  ink. 

Breton's  Method. — In  1751  Breton*  printer  to  the 
King  of  France,  published  an  account  of  a  very  similar 
method  of  preparing  pi-inting  ink.  For  the  manufacture 
of  100  lbs.  of  varnish  no  to  112  lbs.  of  nut  oil  were 
heated  in  a  closed  copper  or  iron  vessel,  which  was  usually 
pear-shaped,  on  a  clear  fire  for  about  two  hours.  It  was 
then  removed  and  "burnt,"  the  process  being  repeated 
several  times.  Finally,  it  was  boiled  over  a  slower  fire  for 
three  hours  until  of  the  consistency  of  glue,  when  it  was 
strained  through  linen.  Turpentine  oil  and  litharge  were 
not  recommended  Breton  on  the  ground  of  their  clogging 
the  type. 

This  "  burnt  oil "  or  varnish  was  thoroughly  incorporated 
by  the  pressman  on  the  inking-table,  with  lamp-black  in 
the  proportion  of  2-|-  oz.  to  i  lb. 

Breton's  recipe  has  become  a  standard  one,  and  was 
copied  into  the  books  of  different  later  writers,  such  as 
Leivis  (1763),  Papillon,  &c. 

The  method  of  boiling  was  substantially  identical  with 
the  Dutch  method  described  by  Moxon.  Savage  endorses 
Breton's  condemnation  of  the  use  of  litharge  iu  the  pre- 
paration of  the  varnish. 

The  sixth  edition  of  the  Encyclopmdia  Britannica  (1823) 
was  apparently  the  first  to  publish  any  substantial  differ- 
ence from  these  early  methods  in  the  manufacture  of 
printing  ink,  the  improvement  being  the  addition  of  soap 
to  the  constituents,  an  addition  which,  though  probably 
well  known  to  certain  manufacturers,  had  been  kept  as  a 
trade  secret.  The  effect  of  the  soap  was  to  cause  the  ink 
to  leave  a  clean  and  sharp  impression  on  the  paper,  to 
prevent  the  type  from  becoming  clogged,  and  to  prevent 
the  ink  from  "  skinning  "  when  kept. 

*  EiicyclojjMle  Methodiipie.  vol.  v.  p.  633. 
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In  the  Encydopcedia  recipe  the  burnt  oil  was  mixed 
whilst  still  warm  with  2  lbs.  of  black  rosin  and  i  lb. 
of  hard  soap  in  slices.  In  Savage's  opinion  this  amount  of 
soap  is  too  much,  and  would  be  liable  to  make  the  ink 
daub  the  type  and  produce  blurred  impressions. 

Savage's  Method  of  Manufacture.— In  1823  Savage, 
who  had  studied  the  manufacture  of  printing  ink  from 
the  point  of  view  of  the  practical  printer,  published  a 
book  on  the  subject,  in  which  he  discussed  all  the  previous 
methods  of  manufacture. 

For  the  preparation  of  the  varnish  he  recommended  the 
use  of  old  liuseed  oil  and  black  or  amber  rosin,  which  was 
melted  into  the  oil  at  a  temperature  of  not  less  than 
306°  F.,  the  approximate  melting-point  of  the  rosin. 

Six  quarts  of  linseed  oil  were  heated  in  a  pot  over  a 
brisk  fire,  and  the  vapours  tested  with  a  light  from  time 
to  time.  When  the  flashes  produced  became  stronger, 
the  pot  was  removed,  and  the  oil  fired  whilst  kept  con- 
tinually stirred  with  an  iron  ladle.  The  flame  was  extin- 
guished occasionally  by  placing  the  cover  over  the  pot,  so 
as  to  test  the  consistency.  When,  on  cooling,  it  could  be 
drawn  into  strings  about  half  an  inch  in  length,  it  was 
judged  to  be  sufficiently  burnt  for  book-work. 

Care  was  taken  to  prevent  the  oil  frothing  up  through 
too  violent  heating,  and  thus  running  the  risk  of  the 
entire  mass  bursting  into  uncontrollable  flame. 

After  cooling  somewhat  in  the  covered  vessel  the 
"  burnt "  oil  was  mixed  with  6  lbs.  of  rosin  gradually 
stirred  in,  and  then  with  if  lbs.  of  brown  soap  in  thin 
slices,  and  was  finally  heated  to  the  boiling-point. 

This  varnish,  whilst  still  warm,  was  next  poured  little 
by  little  into  an  earthenware  vessel  containing  5  oz.  of 
Prussian  blue  or  iudigo,  or  a  mixture  of  these,  4  lbs.  of 
mineral  lamp-black,  and  3I  lbs.  of  vegetable  black,  and 
the  whole  stirred  until  free  from  lumps,  and  finally  ground 
in  a  levigating  mill. 

Modern  Methods  of  Preparing  Printers'  Ink. — 
Although  the  old  method  of  preparing  printers'  or  litho- 
graphic varnish,  by  heating  the  linseed  oil  until  inflam- 
mable vapours  are  given  off,  and  setting  fire  to  these,  is 
still  in  use,  it  has  been  found  that  the  actual  burning  of 
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the  oil  is  not  an  indispensable  part  of  the  process,  and 
various  other  methods  of  thickening  the  oil  and  converting 
it  into  varnish  are  now  employed. 

Other  ingredients  are  also  added  to  the  linseed  oil 
varnish  in  addition  to  the  rosin  and  soap  used  in  Savage's 
time,  and  this  is  especially  the  case  with  the  cheaper 
kinds  of  inks  such  as  are  used  for  newspaper  work. 
Various  processes  for  preparing  a  black  pigment  to  be 
used  in  j)lace  of  lamp-black  have  also  been  described  in 
patents  taken  out  during  the  last  thirty  years. 


CHAPTER  IX. 


MANUFACTURE  OF  VARNISH. 

Contents— Boiled  oils— Burnt  oil— Varieties  of  lithographic 
varnish— Andre's  apparatus  for  boiling  oil— Apparatus  with 
steam  jacket  and  air  blast— Boiling  with  superheated  steam- 
Treatment  with  oxygen— Linseed  oil  substitutes. 

Boiled  Oils— The  oils  classified  under  the  term  "drying 
oils"  are  distinguished  from  other  oils  by  the  greater 
rapidity  with  which  they  form  a  solid  varnish  on  exposure 
to  the  air  at  the  ordinary  temperature.  Strictly  speaking, 
this  difference  is  one  of  degree  rather  than  of  kind,  for  it 
has  been  shown  that  even  oils,  such  as  olive  and  almond 
oils,  do  eventually  dry  after  the  lapse  of  a  long  time. 

The  principal  drying  oils  are  linseed,  walnut,  hempseed, 
poppyseed,  nigerseed,  and  the  curious  tung,  or  Chinese 
wood  oil.  For  the  characteristics  and  methods  of  examining 
these  oils  the  reader  is  referred  to  works  on  the  analysis 
of  oils.  Other  oils,  such  as  cotton-seed  and  maize  oils, 
occupy  an  intermediate  position  between  the  "drying" 
and  "  non-drying"  oils,  and  are  usually  known  as  "semi- 
drying"  oils.  The  drying  capacity  of  oils  is  usually  attri- 
buted to  the  presence  of  a  considerable  amount  of  the  liquid 
fatty  acids,  linolenic  and  isolinolenic  acids,  whilst  another 
acid,  linolic  acid,  probably  contributes  to  the  process. 

Fixed  vegetable  and  animal  oils  consist  in  the  main  ot 
compounds  of  glycerin  with  saturated  and  unsaturated 
fatty  acids,  the  latter  predominating.  Thus,  olive  oil  con- 
sists principally  of  a  compound  of  glycerin  and  oleic  acid, 
OigHg^O^ ;  cotton-seed  oil  contains  a  large  proportion  of 
glycerides  containing  linolic  acid,  G^s^^i^^  5  whilst  linseed 
oil  and  other  "  drying "  oils  are  characterised  by  the 
amount  of  the  still  more  unsaturated  linolenic  and  isolino- 
lenic acids,  C13H3QO2,  they  contain. 
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Each  of  these  unsaturated  fatty  acids  and  their  glycerin 
compounds  (glycerides)  are  capable  of  entering  into  com- 
bination with  chlorine,  bromine,  or  iodine,  forming  satu- 
rated compounds.  Oleic  acid,  for  instance,  yields  oleic 
dibromide,  CigHg^BrgOg ;  linolic  acid  gives  linolic  tetra- 
bromide,  Cj^gHggBr^O,;  and  linolenic  acid,  linolenic  hexa- 
bromide,  OigHg^BrgOg. 

In  like  manner  they  are  capable  of  being  saturated  with 
oxygen,  and  this  is  part  of  the  change  that  occurs  when  a 
film  of  drying  oil  hardens  into  a  varnish  on  exposure  to  the 
air,  whilst  the  process  can  be  considerably  accelerated  by 
subjecting  the  oil  to  a  preliminary  treatment  known  as 
"  boiling." 

In  this  process,  the  exact  nature  of  which  still  needs 
elucidation,  considerable  alteration  of  the  "  raw  "  oil  takes 
place  during  the  partial  oxidation.  Such  boiled  oils  were 
at  one  time  prepared  solely  by  means  of  heat,  but  subse- 
quently various  substances,  known  as  "  driers,"  were  added 
to  accelerate  the  oxidation,  which  was  also  promoted  by 
injecting  hot  air  into  the  hot  liquid. 

Of  the  various  "  driers,"  which  appear  to  act  mainly  as 
conveyors  of  oxygen  from  the  air  to  the  oil,  salts  of  lead 
and  manganese,  in  the  proportion  of  a  few  pounds  to  the 
ton,  have  been  found  the  most  satisfactory,  and  are  the 
most  frequently  used. 

The  varnish  used  in  the  manufacture  of  printers'  ink 
differs  from  the  varnish  used  by  painters  and  linoleum 
manufacturers  in  being  prepared  without  the  addition  of 
any  "driers"  whatever.  It  is  also  as  a  rule  much  paler 
in  colour. 

The  apparatus  used  in  the  old  method  of  boiling  oil 
consists  of  a  kettle,  which  is  heated  over  a  free  fire  (Fig.  30). 
Over  this  is  suspended  a  lid,  which  can  be  lowered  to  close 
the  vessel  and  immediately  extinguish  the  flames  when  the 
evolved  vapours  take  fire.  To  prevent  frothing,  the  pan  is 
only  filled  to  half  its  capacity  with  oil. 

Burnt  Oil. — In  preparing  oil  for  the  manufacture  of 
printing  ink,  the  process  of  oxidation  is  carried  still 
further  than  in  the  process  of  boiling.  In  the  old  process 
of  firing,  as  described  in  the  preceding  pages,  the  oil 
becomes  very  dark  in  colour,  and  apparently  undergoes 
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The  amount  of  free  acid  liberated  in  the  oil  during  the 
process  is  much  greater  than  in  the  case  of  oil  that  has 
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been  boiled  for  a  very  long  time  at  a  temperature  of  260'' 
to  300°  C. 

Printers'  varnish  thus  prepared  has  good  drying  proper- 
ties, and  is  considerably  denser  than  the  raw  oil  {vide  infra). 

Leeds*  gives  the  following  details  of  the  modern  method 
of  boiling  oil  for  lithographic  varnish  :  The  kettle  is  filled 
to  about  two-thirds  of  its  capacity  with  linseed  oil  that  has 
been  kept  in  store  for  some  time.  As  soon  as  the  water 
has  been  expelled  and  the  froth  of  albuminous  impurities 
skimmedoff,  the  temperature  is  raised  to  about500 — 56o°F., 
and  the  boiling  continued  until  the  required  degree  of 
consistency  is  attained,  after  which  the  varnish  is  left  to 
cool  and  settle  and  decanted  into  storage  tanks. 

The  time  required  depends  upon  the  temperature  of 
boiling  and  on  the  maturity  of  the  raw  linseed  oil.  A  high 
temperature  accelerates  the  conversion,  but  has  the  draw- 
back of  producing  a  darker  product. 

Leeds  lays  considerable  stress  on  the  importance  of  using 
a  well-matured  oil.  Crude  linseed  oil  immediately  after 
expression  contains  impurities  which  separate  out  to  a 
greater  or  less  extent  on  standing  for  a  few  months.  If 
such  crude  oil  be  used  for  boiling  there  is  much  more  froth 
and  a  poorer  yield  of  a  darker  varnish,  whilst  the  time  and 
consumption  of  fuel  are  greater. 

The  ordinary  loss  ranges  from  about  3  to  10  per  cent., 
according  to  the  maturity  of  the  oil. 

It  is  interesting  to  note  that  the  importance  of  using  an 
old  oil  in  the  preparation  of  the  varnish  was  recognised  by 
all  the  older  writers  from  Moxon  to  Savage. 

Varieties  of  Lithographic  Varnish.  —  Five  or  six 
varieties  of  lithographic  varnish  are  in  use,  ranging  in  con- 
sistency from  a  very  thin  product  to  one  of  extreme  vis- 
cosity. These  are  termed  "extra  strong,"  "strong,'' 
"middle,"  "thin,"  "tint,"  and  "thin  tint,"  according  to 
their  degree  of  viscosity.  Leeds  (loc.  cit.),  who  has 
thoroughly  studied  the  chemical  changes  that  take  place 
in  the  conversion  of  the  raw  oil  through  the  various  inter- 
mediate changes  into  "  extra  strong  "  varnish,  points  out 
that  the  most  viscous  products  have  less  drying  capacity 
than  the  thinner  varnishes,  and  that  their  viscosity,  which 
*  Journ,  Soc.  Chem,  Ind.,  1894,  xiii.  203. 
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gives  them  greater  carrying  power  as  a  medium  for  pig- 
ments, is  their  chief  recommendation. 

The  following  table,  abridged  from  that  of  Leeds,  repre- 
sents some  of  the  changes  undergone  by  raw  linseed  oil  in 
this  process  of  boiling,  and  in  the  old  method  of  igniting 
the  vapours  to  produce  "  burnt "  oil. 


Viiriiisli. 

Specific 
gravity 
at  15.5°  C. 

Free 
acids  as 
oleic  acid. 

Saponifi- 
cation 
vahie. 

Iodine 
value. 

Unsapoui- 
flable 
matter 

"Tint" 
"Thin" 
"Middle"  . 
"  Strong  "  . 
"  Extra  strong  "  . 
"  Burnt "  thin 

0.9584 
0.9661 
0.9721 
0.9741 
0.9780 
0.9675 

Per  cent. 
1.46 
1.76 
1. 71 
2.16 
2.51 
6.93 

J  97- 5 
196.9 

1975 
190,9 
1S8.9 
195-5 

113-2 
100. 0 
91.6 
86.7 

83-5 
92.7 

Per  ccni. 

0.62 
0.85 
0.79 
0.91 

1-35 

Andres'  Apparatus  for  Boiling  Oil. — This  (Fig.  31) 
consists  of  a  cylindrical  copper  kettle,  A,  to  the  middle  of 
Avhich  is  attached  the 
collar  D,  which  sup- 
ports it  in  the  furnace. 
The  top  of  the  vessel 
is  bound  by  a  strong 
iron  ring,  to  which  are 
attached  the  chain  and 
tackle  C,  thus  enabling 
the  vessel  to  be  rapidly 
withdrawn  from  .  the 
fire  by  means  of  a 
crane.  The  lid,  B,  fits 
closely  to  the  upper 
ring,  forming  a  nearly 
air-tight  joint,  so  that 
flames  can  be  imme- 
diately extinguished. 
Above  the  furnace  is 
fixed  a  hood  provided 
with  a  flue  to  conduct 

away  the  vapours.  fig.  .31.— Andres'  apparatus. 

K 
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It  was  asserted  by  Savage,  and  accepted  for  long  after- 
wards, that  actual  ignition  of  the  vapours  from  the  oil  was 
essential  for  the  production  of  a  varnish  suitable  for 
printing  ink.  It  is  now  known,  however,  that  the  same 
result  can  be  obtained  by  boiling  the  oil  at  a  higher  tem- 
perature than  in  the  preparation  of  ordinary  boiled  oil  for 
paints. 

Apparatus  with  Steam  Jacket  and  Air  Blast. — A 
pair  of  steam-heated  kettles,  each  of  which  takes  a 
charge  of  about  350  kilos.,  is  shown  in  Fig.  32.  These 
are  constructed  with  jackets  capable  of  resisting  a  pres- 
sure of  several  atmospheres.    The  oil  is  heated  by  steam 


Fig.  32. — Steam-heated  kettles. 


at  about  130°  0.  or  more,  under  a  pressure  of  four  to  five 
atmospheres,  whilst  air  is  blown  through  until  the  var- 
nish is  of  the  required  consistency.  Each  kettle  is 
covered  with  a  dome-shaped  cover,  in  which  is  an  outlet 
pipe  for  the  escape  of  the  vapours  evolved.  The  steam 
enters  the  jacket  of  the  pan  b  at  c',  and  passes  through 
e  into  the  jacket  of  the  pan  a.  At  f  is  a  cock  for  blowing 
off,  which  is  so  regulated  that  only  a  little  steam 
escapes,  whilst  the  condensed  water  is  drawn  off  through 
the  tap  at  g. 

Frederldngs  apparatus  for  boiling  oil  contains  a  steam 
coil,  round  which  has  been  cast  the  molten  metal  form- 
ing the  pan.  Steam  under  any  required  pressure  is 
passed  through  the  coil,  and  the  contents  of  the  kettle 
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readily  raised  to  temperatures  of  350°  to  400°  0.  without 
danger,  the  pressure  being  solely  on  the  piping  and  not  on 
the  metal  pan  itself. 

An  apparatus  described 
by  And^s  *  contains  a  cir- 
cular iron  pipe  supported 
on  the  bottom  of  the  vessel, 
and  connected  with  bellows 
by  means  of  a  vertical  tube. 
Air  is  blown  into  the  oil 
through  small  holes  about 
0.5  cm.  in  diameter  in  the 
circular  pipe,  and  the 
heated  oil  kept  in  motion 
during  the  thickening  pro- 
cess. When  cold  air  is 
blown  into  the  oil  the 
temperature  is  kept  below 
270"  0.  to  prevent  the 
varnish  being  too  dark  in 
colour. 

Sauer's  Apparatus.  — 
This  consists  of  a  heating 
vessel  in  which  a  paddle 
agitator  is  made  to  revolve 
round  a  central  shaft, 
whilst  a  current  of  hot  air 
enters  near  the  bottom  of 
the  apparatus. 

^^S-  33  shows  another 
apparatus  for  preparing 
varnish  by  this  method. 
The  air  is  driven  by  means 
of  the  pump  A,  through 
the  coil  B,  and  is  heated 
to  the  required  temperature 
before  entering  the  oil  in 
the  vessel  C,  through  the 
small  openings  in  the  pipe. 

The  varnish  produced  by  this  method  dries  well,  but  is 
*  Drying  Oils,  1901,  p.  237. 
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usually  somewliat  darker  than  that  produced  by  the  ordi- 
nary method,  especially  if  the  temperature  be  allowed  to 
rise  too  high. 

Boiling  with  Super-heated  Steam. — Apparatus  in 
common  use  for  this  purpose  consists  of  a  kettle  con- 
taining a  coil  through  which  passes  steam  heated  to  a 
temperature  of  about  400°  0.  by  being  passed  through  a 
super-heater  kept  outside  the  chamber.  The  kettle  is 
provided  with  a  cover  which  can  be  easily  removed  by 
means  of  a  chain  and  tackle,  whilst  an  exit  pipe  in  this 
cover  conducts  the  escaping  vapours  to  the  bottom  of  the 
super-heater,  whence  they  are  drawn  up  into  the  fire  and 
consumed.  Hence  the  process  is  accompanied  by  little  or 
no  smell. 

Lithographic  varnish  thus  prepared  has  the  drawback 
of  being  darker  in  colour  than  ordinary  "  boiled  "  varnish, 
but,  on  the  other  hand,  the  process  is  much  more  rapid. 

Treatment  with  Oxygen. — Very  pale  varnishes  are 
obtained  by  subjecting  linseed  oil,  heated  to  a  moderate 
temperature,  to  the  action  of  oxygen.  Instead  of  losing 
in  weight  as  in  the  ordinary  boiling  processes,  the  var- 
nish shows  an  increase  of  about  4  per  cent,  through  the 
addition  of  the  oxygen. 

Leeds  (loc.  cit.)  found  that  varnishes  thus  prepared  were 
free  from  the  brownish-green  fluorescence  of  ordinary 
lithographic  varnishes,  but  that  they  possessed  a  much 
more  unpleasant  odour. 

In  a  process  protected  by  *'  Brin's  Oxygen  Co."  (Eng. 
Pats.,  No.  12,652,  1886;  and  No.  18,628,  1889)  a  current 
of  pure  (90-93  per  cent.)  oxygen  is  passed  into  the  space 
above  the  oil,  instead  of  being  blown  through  it.  The 
apparatus  used  for  the  purpose  consists  of  a  closed 
steam-jacketed  pan,  in  which  the  oil  is  kept  in  motion 
by  a  revolving  agitator.  The  oxygen  is  introduced 
when  the  oil  has  been  heated  to  nearly  100°  C,  and  is 
absorbed,  at  first  slowly,  and  eventually  more  rapidly  than 
it  is  supplied.  So  much  heat  is  produced  by  the 
reaction  that  it  is  ultimately  necessary  to  cool  the  jacket 
by  admitting  water  into  it. 

Linseed  oil  varnish  prepared  by  treatment  with  oxygen 
differs  from  the  original  much  more  than  varnish  prepared 
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by  boiling.  Thus  it  contains  about  ten  times  as  much  free 
acid,  and  has  a  considerably  higher  specific  gravity,  whilst 
its  absorption  capacity  for  iodine  is  much  lower. 

Leeds  {Joe.  cit.)  gives  the  following  results  obtained 
in  the  analysis  of  two  samples  of  these  oxidised  linseed 
oils. 


Varuish. 

Specific 
gravity 
at  15°  C. 

Free 
acids  as 
oleic  acid. 

Saponifi- 
catiou 
value. 

Iodine 
value. 

Unsaponi- 
fiable 
matter. 

Oxidised  oil,  \ 
weak      .  / 

1.03 

Per  cent. 
18-28-4 

221 

58.8 

Per  cent. 
0.87 

Oxidised  oil,  \ 
strong     .  / 

1.05 

18.5—28.9 

223.5 

53-5 

0.97 

Treatment  with.  Ozone. — It  was  shown  some  years  ago 
by  Sclirader  and  Dumc'ke  that  a  varnish  was  rapidly  pro- 
duced by  the  action  of  ozone  upon  raw  linseed  oil,  which 
was  also  bleached  in  the  process. 

Apparatus  for  the  purpose  was  subsequently  patented 
in  Germany  by  Graf  and  Co.,  a  current  of  ozone  from  any 
suitable  generator  being  conducted  through  the  heated 
oil.  Care  is  needed  in  this  operation  to  prevent  the  oxida- 
tion proceeding  too  far,  so  that  a  semi-solid  caoutchouc- 
like mass  is  obtained.  In  fact,  patents  for  preparing 
commercial  rubber  substitutes  by  the  action  of  ozone 
under  pressure  upon  linseed  and  other  oils  have  been 
taken  out  by  Rosenblum  and  Bidcal  (Eng.  Pats.,  No.  9529, 
1897  ;  and  No.  6464,  1898). 

Ramage  (Eng.  Pat.,  No.  7242,  1901)  has  devised  a  pro- 
cess for  making  varnish  of  good  drying  capacity  by  heat- 
ing non-drying  oils  with  ozone  in  the  presence  of  an 
oxygen-occluding  substance  such  as  platinised  asbestos. 

Miithel  and  Lutke's  Electric  Process. — In  this  process, 
patented  in  Germany  (Ger.  Pat.,  No.  29,961),  the  oil  is 
treated  with  a  mixture  of  gases  {e.g.,  oxygen  with  steam, 
or  nitrous  oxide  with  air  or  oxygen)  which  has  been  sub- 
jected to  the  action  of  a  powerful  electric  discharge  whilst 
passing  through  a  series  of  condensers.    The  oil  is  heated 
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by  means  of  a  steam  coil,  whilst  the  gaseous  mixture 
enters  through  holes  in  a  small  spiral  in  the  bottom  of  the 
tank.  The  volatile  products  of  the  reaction  and  the  un- 
used gas  are  drawn  off  by  a  pump  at  the  top. 

Linseed  Oil  Substitutes. — Numerous  substances  have 
been  proposed  as  substitutes  for  linseed  and  other  drying 
oils.  An  ink  containing  none  of  the  ordinary  oil  varnish 
was  described  by  Savage  in  1823  (loc.  cit.),  and  methods 
of  preparing  other  varnishes  of  the  same  kind  can  be 
found  by  reference  to  the  patent  list  at  the  end  of  this 
book.  One  of  the  most  interesting  of  these  is  a  natural 
drying  mineral  oil,  which  is  found  in  Java  and  known 
commercially  as  Grisel  oil.  The  use  of  this  is  claimed  by 
Stoop  (Eng.  Pats.  No.  24,504,  1897  ;  23,071,  1898). 
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PEEPARATION  AND  INCORPORATION  OF  THE  PIGMENT. 

Contents.— Black  for  printing  ink— Modern  apparatus— 
Thenius'  lamp-black  furnace— Furnace  for  producing  black 
from  pitch— Other  black  pigments— Carbon  blacks— Purifica- 
tion of  lamp-black— Composition  of  lamp-blacks— Methods 
of  examining  lamp-blacks  and  gas-blacks— Mixing 
the  black  and  varnish— Mixing  the  varnish  and  lamp-black  . 
—Quack's  mixing  machine— Werner  and  Pfleiderer's  mixing 
machine  —  Lehmann's  mixing  machine  —  Grinding  —  Leh- 
mann's  grinding  machines— Machines  by  Neal,  Jackson,  Kmg- 
don— Lithographic  printing  ink— Collotype  ink. 

Black  for  Printing  Ink.— The  nature  and  degree  of 
purity  of  the  black  pigment  incorporated  with  the  varnish 
is  of  the  highest  importance,  especially  in  the  case  of  ink 
intended  for  fine-art  printing,  since  the  depth  and  per- 
manency of  the  tone  largely  depend  on  this.  Hence  many 
printing  ink  manufacturers  prepare  their  own  lamp-black 
so  as  to  have  the  entire  manufacture  under  their  control, 
and  to  be  able  to  produce  an  absolutely  uniform  product. 
Some  of  the  older  methods  and  apparatus  used  in  the 
preparation  of  lamp-black  have  already  been  described  in 
chap,  i.,  and  here  it  is  only  necessary  to  describe  some  of 
the  more  modern  apparatus. 

Yig.  34  represents  a  modern  apparatus  used  for  the 
production  of  lamp-black  from  oil,  and  is  a  development 
of  the  ancient  method.  The  supply  of  oil  is  regulated  by 
the  small  chamber  outside,  whilst  the  air  enters  through 
holes  beneath  the  lamp.  The  smoke  from  the  lamp  is 
conducted  through  the  chimney  into  a  chamber,  where  ib 
is  deposited  and  collected. 

Another  apparatus  intended  for  the  rapid  production  ot 
a  coarser  lamp-black  is  shown  in  Fig.  35.  It  consists  of  a 
revolving  cylinder,  through  the  interior  of  which  passes  a 
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current  of  cold  water.  A  series  of  lamps  are  kept  burn- 
ing below  this,  and  the  smoke  deposited  on  the  cylinder 

is  removed  by  means  of  the 
brush. 

Thenius'  Lamp  -  black 
Furnace. — This  apparatus, 
devised  by  Thenius  for  the 
collection    of    lamp  -  black 
from  coal-tar  oil,  consists  of 
a  series  of  iron  chambers 
opening  into  one  another. 
In  the  first  of  these  the  oil, 
freed  from  naphthalene  as 
far  as  possii>le,  falls  drop  by 
drop  from  a  tank  above  on 
to  a  red-hot  plate,  over  which 
passes  a  limited  supply  of 
air.    The  smoke  is  carried 
through  the  series  of  cham- 
bers, forming  black  deposits 
of  different  grades  of  fine- 
ness on  the  walls.  About 
70  kilos,  of  smoke-black  are 
obtained  from  400  kilos,  of 
the   oil,  about  half   of  it 
being  of  very  fine  quality. 
Furnace  for  producing  Black  from  Pitch,  Rosin,  &c. 
—An  apparatus  used  in  Germany  consists  of  a  chamber 
with  a  slanting  outlet  tube  for  the  smoke  leading  to  the 
chamber  where  it  is  deposited,  and  a  movable  iron  cover 
with  a  regulator  for  the  air  supply.     The  combustible 
material  is  placed  in  a  pan  at  the  bottom  of  the  chamber, 
whilst  the  exterior  of  the  pan  is  cooled  in  another  tray 
containing  water,  the  object  of  this  being  to  prevent  the 
temperature  rising  too  high  and  causing  dry  distillation 
to  take  place. 

In  a  recent  United  States  patent  (No.  7,^1,726,  1903) 
tar  is  heated  to  about  300°-400°  0.  in  a  rotating  cylindrical 
furnace,  in  which  is  a  spiral  ridge  to  conduct  the  tarry 
matter  towards  the  outlet  at  one  end,  whilst  the  volatile 
products  escape  through  a  special  opening. 
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Other  Black  Pigments.- — Numerous  substitutes  have 
been  proposed  for  lamp-black  as  a  pigment  in  printing  ink, 
but  not  many  of  these  have  come  into  general  use. 

Frankfort  Uach  or  drop  Hack  was  originally  prepared 
by  heating  vine  twigs  in  closed  crucibles,  extracting  the 
residue  with  water,  drying  the  powder,  mixing  it  with  a 
weak  solution  of  glue,  and  forming  it  into  pear-shaped 
drops.  Other  substances,  such  as  bone  shavings,  &c.,  are 
now  used  in  its  manufacture. 


Fig.  35. — Ltamp-black  apparatus. 


This  and  other  forms  of  charcoal  have  a  granular  cha- 
racter, whereas  lamp-black  is  flocculent,  and  as  no  amount 
of  grinding  will  effect  thorough  incorporation  of  such 
granular  pigments  with  the  varnish,  they  are  unsuitable 
for  good  printing  ink.  The  same  remark  applies  to 
various  shale  and  mineral  blacks. 

Carbon  Blacks. — The  black  pigment  obtained  by 
the  deposition  of  the  smoke  from  burning  gas  upon 
metallic  surfaces  is  sold  under  various  trade  names,  such 
as  gas  Uach,  peerless  Uach,  hydrocarlon  Uach,  silicate  of 
carlon,  jet  Uach,  &c. 
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It  was  prepared  on  a  small  scale  by  certain  manufac- 
turers in  this  country  from  the  ordinary  gas  supply  of 
towns  some  forty  years  ago,  but  owing  to  its  high  price 
(5s.  a  pound)  never  came  into  general  use. 

The  discovery  of  natural  gas  in  different  parts  of  the 
United  States  put  a  cheap  source  of  gas  carbon  at  the 
manufacturers'  disposal.  Cabot  *  states  that  the  first 
experiments  with  the  natural  gas  were  made  in  1872  in 
Pennsylvania,  and  a  factory  was  built  to  manufacture  the 
pigment  on  a  commercial  scale.  The  first  lot  was  sold  at 
about  lOs.  a  pound,  and  the  demand  soon  exceeded  the 
supply.  Other  factories  were  established  and  the  price 
rapidly  fell,  until  in  1889  it  was  as  low  as  i\d.,  and  several 
firms  were  ruined.  Since  then  it  has  again  risen  some- 
what in  price,  and  now  fetches  about  yl.  or  ^d.  a  pound, 
which  is  dearer  than  the  price  of  black  prepared  from  the 
smoke  of  heavy  oils. 

The  gas  issues  from  borings  about  2000  feet  in  depth 
by  8  inches  in  diameter,  and  is  burned  in  ordinary 
gas  jets.  In  the  earliest  method  of  collecting  the  black 
flat-bottomed  cast-iron  pans  were  fixed  above  the  jet?,  and 
the  soot  removed  by  means  of  travelling  scrapers.  Several 
United  States  patents  were  next  taken  out  for  processes 
in  which  the  flame  was  made  to  impinge  on  revolving  iron 
cylinders.  In  1883  claim  was  made  for  a  process  in 
which  a  large  plate  with  holes  for  ventilation  was  made 
to  revolve  over  the  burners,  and  the  black  removed  by 
passing  over  a  fixed  scraper. 

The  method  now  in  general  use  was  introduced  in  1884 
by  Blood,  who  employed  revolving  iron  rings  3  feet  in 
external  diameter  and  2  feet  in  internal  diameter  as  the 
surface  for  the  deposit.  These  rings  were  placed  in  six 
rows  of  fourteen  each,  and  were  enclosed  in  sheds  to  guard 
against  air  draughts. 

In  another  process,  also  commercially  successful,  the 
deposition  surface  is  kept  stationary,  whilst  the  gas  jets 
and  collecting  box  revolve  beneath  it. 

The  best  yields  obtained  by  these  processes  are  about 
one  pound  of  black  for  each  1000  cubic  feet  of  gas 

*  Journ.  Soc.  Cliem.  Ind.,  1894,  xiii.  128. 
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consumed,  but  in  some  cases  the  consumption  of  gas  is 
six  or  eight  times  as  much. 

Carbon  blacks  are  characterised  by  their  intensity  of 
tone,  and  the  printing  done  with  inks  containing  them 
has  a  rich  glossy  appearance.  Owing  to  their  being  of  a 
more  granular  character  than  lamp-black  they  are  not  so 
readily  incorporated  with  the  varnish,  and  were  not  looked 
upon  with  favour  by  English  printers  long  after  they  had 
been  extensively  used  in  America.  English  manufacturers 
have  now  introduced  rollers  of  chilled  steel  in  place  of 
granite  for  the  grinding  of  carbon  black  inks,  and  their 
products  can  compete  with  those  of  American  origin.* 

Gas-black  consists  mainly  of  carbon,  and  has  only  traces 
of  mineral  matter.  Samples  analysed  by  Gcibot  (loc.  cit.) 
contained  92  to  93  per  cent,  of  carbon,  5  to  6  per  cent,  of 
oxygen,  and  i  to  2  per  cent,  of  hydrogen. 

Like  lamp-black,  impure  gas-black  is  always  contami- 
nated with  tarry  oils,  which  can  be  removed  by  calcination 
(p.  156),  leaving  a  residue  containing  98  to  99  per  cent,  of 
carbon.  Its  tinctorial  power  is  considerably  higher  than  that 
of  lamp-black,  and  it  will  impart  a  deep  grey  tone  to  100  times 
its  weight  of  white  lead.  It  requires  approximately  twice  as 
much  varnish  as  lamp-black  does  to  form  an  ink  of  the 
right  consistency,  and  the  ink  thus  dries  more  slowly. 

Owing  to  its  hygroscopic  character,  carbon-black  must 
be  stored  in  well-closed  vessels,  otherwise  the  water  it 
absorbs  forms  globules  with  the  oil,  and  interferes  with 
the  perfect  incorporation. 

Carbon-blacks  are  raiscible  with  water,  and  this  property 
affords  a  means  of  distinguishing  them  from  lamp-black. 

Puriflcation  of  Lamp-black. — However  carefully  pre- 
pared, lamp-black,  even  after  careful  grading,  has  a  more 
or  less  brownish  tint,  due  to  the  presence  of  volatile,  tarry, 
and  oily  matters  derived  from  dry  distillation  of  part  of 
the  organic  substance  used  in  the  combustion.  When 
these  are  eliminated,  the  residue  consists  of  almost  pure 
carbon,  and  is  then  deep  black  in  tone. 

Chemical  Furijication. — The  technical  method  of  remov- 
ing the  brown  impurities  is  to  boil  the  black  with  successive 

*  Harding,  Process  Year  Booli,  1898,  p.  65  ;  1902,  p.  126. 
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portions  of  strong  caustic  soda  ley  until  only  a  faint  colour 
is  imparted  on  treating  the  substance  with  a  new  portion. 
The  powder  is  then  washed  thoroughly  and  appears  deep 
black  to  the  eye. 

In  order  to  remove  all  traces  of  impurities,  however,  it 
is  necessary  to  continue  the  boiling  with  caustic  soda 
until  a  colourless  extract  is  obtained,  and  subsequently  to 
boil  the  residue  with  aqua  regia  until  nothing  more  dis- 
solves. The  final  product,  after  washing  with  water,  is  a 
deep  black,  very  friable  powder.  It  is  practically  pure 
carbon,  and  emits  no  smell  when  burnt.  The  cost  of 
handling  the  material  so  many  times  is  too  great  to  permit 
of  chemical  purification  being  used  in  the  preparation  of 
any  but  the  very  finest  and  most  expensive  grades  of  lamp- 
black {And4s). 

Furijicaiion  hy  Calcining. — The  brown  tarry  oils  and 
other  impurities  in  lamp-black  can  be  expelled  by  heating 
the  crude  product  to  a  sufficient  temperature  to  volatilise 
them.  In  this  process  it  is  essential  to  prevent  any  air 
coming  into  contact  with  the  hot  carbon,  which  in  that  case 
would  be  partially  burned  into  oxides  of  carbon ;  and  also 
to  avoid  overheating,  the  result  of  which  is  to  cause  the 
lamp-black  to  cake  into  lumps,  which  are  very  diflacult  to 
distribute  uniformly  through  the  lithographic  varnish. 

The  apparatus  used  for  the  calcination  is  a  cast-iron  box, 
in  the  cover  of  which  a  small  opening  is  left  to  allow  the 
volatile  impurities  to  escape.  The  outside  of  this  box  is 
coated  with  a  thick  layer  of  clay  to  protect  the  metal  from 
oxidation,  and  the  juncture  of  the  cover  carefully  luted 
with  the  same  material.  Every  precaution  is  taken  to  avoid 
the  slightest  opening  into  the  box,  with  the  exception  of 
the  small  one  in  the  cover. 

After  being  charged  with  the  crude  lamp-black,  the  box 
is  placed  in  a  suitable  furnace  and  heated  gradually  from 
behind  until  the  whole  has  attained  a  bright  red  heat.  It 
is  kept  at  this  temperature  for  about  thirty  minutes,  and 
then  removed  from  the  furnace  and  cooled  in  a  current  of 
air,  the  opening  in  the  cover  being  protected  from  the  pos- 
sible admission  of  atmospheric  oxygen  by  having  a  piece 
of  glowing  charcoal  placed  over  it.  The  box  is  not  opened 
until  quite  cold,  lest  any  oxidation  of  the  carbon  might 
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take  place.  To  obtain  an  absolutely  black  product,  it  is 
often  necessary  to  repeat  the  calcining  as  many  as  six  times 
or  more.  According  to  Irvine  the  loss  in  weight  on  cal- 
cining lamp-black  is  upwards  of  15  per  cent. 

Composition  of  Lamp-blacks. — After  careful  purifica- 
tion lamp-blacks  consist  of  96  to  98  per  cent,  of  carbon, 
and  contain  very  little  mineral  or  oily  products. 

The  following  analyses  of  four  pure  samples  of  lamp- 
black were  made  by  Stilhvell  and  Gladding*: — 


I. 

Per  ceut. 

2. 

Per  cent. 

3- 

Per  cent. 

4- 

Per  cent. 

Carbon  .... 
Mineral  matter  (ash)  . 
Moisture  (loss  at  100°  C.)  . 
Volatile  substances 

97.38 
0.05 
0.07 
2.50 

97-38 
0.05 
0.08 
2.50 

96.24 
0.03 
0.03 
3-70 

96.13 
0.23 
0.04 
3.60 

A  commercial  sample  of  impure  lamp-black  recently 
examined  by  us  gave  the  following  results : — Ash,  0.29  ; 
oily  matter  (ether  extract),  8.12  ;  and  total  nitrogen,  0.76 
per  cent. 


Methods  of  Examining  Lamp-blacks  and  Gas-blacks. 

In  judging  of  the  suitability  of  a  black  for  printing  ink, 
the  main  points  to  be  taken  into  consideration  are  the 
intensity  and  permanency  of  its  blackness,  its  tinctorial 
power,  the  fineness  of  its  particles,  and  its  freedom  from 
any  considerable  proportion  of  oily  impurities  and  mineral 
matter. 

Determination  of  Mineral  Matter. — A  weighed  quantity 
(about  0.3  grm.)  of  the  powder  is  ignited  in  a  weighed 
platinum  basin  over  a  small  Argand  flame,  and  the  residue 
weighed  when  burned  completely  white.  The  best  qualities 
of  lamp-black  contain  only  traces  of  ash  {cf.  "Analyses" 
supra). 

Tarry  Oils. — It  has  been  pointed  out  by  Irvine  f  that 
the  halo  to  be  observed  round  the  letters  in  some  old  books 

*  Process  Year  Booh,  1901,  p.  141. 

t  Jcnirn.  Soc.  Chein.  Iiicl.,  1894,  xiii.  131. 
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and  papers  is  to  be  attributed  to  the  presence  of  tarry 
compounds,  such  as  pyrene  and  chrysene,  in  the  black. 

For  the  determination  of  such  impurities,  2  or  3  grms. 
of  the  sample  are  extracted  with  ether,  the  extract  evapo- 
rated, and  the  residue  weighed.  A  specimen  of  lamp-black 
examined  by  us  in  this  way  yielded  8. 12  per  cent,  of  a  dark 
yellow  viscid  oil,  with  a  strong  empyreumatic  odour  and  a 
bitter  taste.  Smith  *  advocates  the  following  qualitative 
test : — A  pinch  of  the  powder  is  put  on  a  piece  of  filter 
paper  and  moistened  with  a  few  drops  of  sulphuric  ether, 
which  will  dissolve  any  oil  present  and  then  leave  a  brown 
or  yellow  stain  surrounding  the  powder. 

Alkalinity  or  Acidity. — Free  alkali  or  acid,  which  may 
be  left  by  the  process  of  purification,  may  react  with  other 
constituents  of  the  ink  and  lead  to  loss  of  colour. 

Free  alkali  is  detected  by  boiling  o.  i  grm.  of  the  black 
with  10  c.c.  of  water,  filtering,  and  adding  a  di'op  of  phenol- 
phthalein  solution  to  the  filtrate  (pink  colour).  If,  on  the 
other  hand,  the  aqueous  extract  is  acid,  it  will  remain 
colourless  on  the  addition  of  the  phenol-phthalein,  and 
will  require  the  addition  of  alkali  solution  to  produce  the 
pink  colour. 

Degree  of  Fineness. — Lamp-black  consists  of  foliated 
particles,  while  gas-black  is  finely  granular  in  character, 
and  vegetable  charcoals  (Frankfort  black,  &c.)  still  more 
granular.  A  practical  test  for  comparing  an  unknown 
sample  with  one  of  known  fineness  is  to  mix  equal  weights 
of  the  powders  with  equal  quantities  of  varnish,  and  to 
spread  the  mixtures  in  thin  layers  on  glass.  When  the 
glass  is  held  to  a  strong  light,  the  layer  of  fine  black  will 
be  found  impervious  to  the  light,  whilst  the  particles  of 
the  coarse  black  allow  the  light  to  pass. 

Intensity. — The  above  method  of  testing  the  fineness  of 
the  particles  is  also  frequently  employed  for  comparing  the 
intensity  of  the  tone  of  two  samples  ;  but  Smith  (loc.  cit.) 
objects  to  it  on  the  ground  that  in  the  case  of  shale-blacks 
the  oil  varnish  may  rise  to  the  surface,  and  the  layer  thus 
appear  to  be  blacker  than  it  really  is.  He  therefore  advo- 
cates making  the  comparative  tests  on  wood  instead  of 
glass,  under  parallel  conditions. 

*  Process  Year  BouU,  1903,  p.  137. 


PIGMENT 


159 


Permanency. — Apart  from  the  results  obtained  in  actual 
practice  which  obviously  take  time,  Smith  recommends 
testing  the  blacks  with  sulphuric  acid  and  with  solutions 
of  sodium  hydroxide  and  ammonia.  Effervescence  with 
the  acid  indicates  the  presence  of  carbonate,  whilst  if  the 
blackness  is  at  all  fugitive,  the  pigment,  when  dried  after 
treatment  with  alkali,  may  show  a  loss  in  intensity. 

Tinctorial  Power. — A  paste  is  prepared  by  adding  lin- 
seed oil  to  a  mixture  of  O.i  grm.  of  the  black  with  8 
grms.  of  white  lead,  and  after  thorough  incorporation 
spread  upon  glass,  and  the  tint  compared  with  that  given 
by  a  standard  sample  of  lamp-black  under  the  same 
conditions. 

Opacity  Test  for  Covering  Power. — A  mixture  of  0,i 
grm.  of  the  powder,  and  i  c.c.  of  oil  is  spread  in  a 
uniform  layer  over  paper  until  the  surface  below  becomes 
visible,  the  areas  of  paper  covered  by  equal  weights  of  two 
pigments  thus  affording  a  measure  of  their  relative 
opacity.  In  some  cases  an  additional  amount  of  oil  must 
be  added  to  the  mixture  to  enable  it  to  be  spread  out  to 
its  maximum  extent,  so  that  the  total  amount  of  oil  used 
may  also  be  taken  as  a  measure  of  the  covering  power. 

Distinction  hetween  Zamp-hlacks  and  Gas-blacks. — Cahot 
(Joe.  cit.)  has  based  a  distinguishing  test  on  the  fact  that 
gas-black  can  be  readily  mixed  with  water  (p.  15 5)*  I' 

Mixing  the  Black  and  Varnish. 

Proportion  of  Black  to  Varnish. — This  will  obviously 
depend  to  a  large  extent  on  the  character  of  the  printing 
for  which  the  ink  is  required,  as  well  as  on  the  quality  and 
nature  of  the  pigment  used.  Thus  for  newspaper  work  a 
very  different  kind  of  ink  is  required  than  in  the  case  of 
fine  book  work  and  illustrations. 

According  to  AndSs*  the  proportion  of  lamp-black  or 
other  black  in  German  printing  ink  ranges  from  about 
20  to  40  per  cent.,  a  little  blue  pigment  (indigo,  aniline 
dye-stuffs,  &c.)  being  added  to  the  best  qualities  of  ink. 

He  gives  the  following  proportions  as  typical  of  inks  in 
common  use : 

*  Oel  und  Bucltdruchfar'ben,  1889,  p.  236. 


160       INKS  AND  THEIR  MANUFAOTUEE 


Ink  for 
Rotary 
Mftchincs, 

Common 
Newspaper 
Ink. 

Book  Ink. 

Ink  lor  Illustratious. 

Oil  Varnisli 
Lamp-black 
Paris  Blue  . 
Indigo 

Per  cent. 
70-72 
30-28 

Per  cent. 
76-78 
24-22 

Per  cent. 

77-79 
23-21 

Per  cent. 
78 
20 
2 

Per  cent. 
78 
19 
2 
I 

Mixing  the  Varnish  and  Lamp-black, — In  some  of 
the  old  foreign  methods  of  mixing  the  pigment  with  the 
oil  varnish,  the  ink  was  only  incorporated  by  the  pressman 
on  the  inking-stone  immediately  before  use  (see  p.  1 36). 
As  a  thorough  admixture  of  the  ink  was  a  tedious  process 
the  old  English  ink  manufacturers  were  in  the  habit  of 
preparing  a  complete  product,  though,  according  to  Moxon 
(loc.  cit.),  the  results  given  by  this  ink  were  inferior  to  the 


Fig.  36.— Quack's  Mixing  Machine. 


Dutch  printing.  The  mixing  of  the  ingredients  was 
effected  by  stirring  them  together  in  a  vessel,  and  even- 
tually grinding  them  on  a  stone  with  a  muller.  Owing  to 
the  very  light  and  dusty  nature  of  the  lamp-black,  the 
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incorporation  is  now  usually  effected  in  a  mixing  machine, 
several  types  of  which  are  in  use. 

Quack's  Mixing  Machine. — This  is  a  simple  and  effective 
apparatus,  consisting  of  a  closed  vertical  cylinder  with 
rounded  bottom,  in  which  revolve  two  interlapping  flat 
rings,  which  scrape  the  sides  of  the  vessel  and  effect  a 
thorough  admixture  of  the  contents.  The  cylinder  is 
supported  outside  by  axles,  so  that  it  can  be  easily  in- 
verted to  remove  the  ink. 


Fig.  37. — Lehinann's  Mixing  Machine. 


Fig.  36  shows  the  mixing  apparatus  viewed  from  above. 

Werner  and.  PJieiderer' s  Mixing  Machine. — I  hese  are 
made  in  various  sizes  to  lake  charges  of  -|  to  1400  kilos. 
They  are  constructed  in  the  form  of  a  horizontal  cylinder, 
mounted  on  axles  so  as  to  be  readily  emptied,  and  the 
incorporation  of  the  varnish  and  lamp-black  is  effected  by 
means  of  revolving  paddles. 

Lchmann's  Mixing  Machine. — Fig.  37  represents  the 
mixing  machine  supplied  by  Messrs.  Keller  and  Co.  for 
mixing  lamp-black  with  oil.    It  is  made  in  two  sizes  to 

L 
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take  charges  of  twenty-two  and  sixty-six  gallons,  and  the 
rotating  blades  are  driven  by  0.2  and  0.5  horse-power 
respectively.  The  machine  is  shown  here  in  a  tilted 
position  for  the  discharge  of  ink,  but  when  in  action  the 
opening  of  the  vessel  is  horizontal,  and  is  closed  so  as  to  be 
completely  dust  proof.  A  special  lamp-black  cylinder  is 
attached  to  the  cover  of  the  machine,  and  the  black  falls 
from  this  through  a  sliding  shutter  into  the  mixing 
chamber. 

Grinding. 

After  thorough  admixture  in  a  mixing  machine  ^  as 
described  in  the  preceding  pages,  the  pulp  of  printing 
ink  requires  grinding  between  rollers,  so  as  to  reduce  it  to 
an  absolutely  homogeneous  mixture  free  from  all  lumps. 
For  this  purpose  it  is  transferred  from  the  mixer  to  a  mill, 
in  which  it  is  passed  between  rollers  of  fine-grained  hard 
stone  such  as  porphyry,  one  grinding  in  a  mill  with  six  or 
nine  rollers  being  usually  sufficient  if  the  material  has 
been  properly  mixed. 

For  grinding  granular  pigment  such  as  gas-black, 
machines  with  rollers  of  chilled  steel  are  used  in  America 
and  more  recently  in  England. 

Lehmami's  Grinding  Machines. — These  machines  have 
been  extensively  supplied  by  Messrs.  Keller  and  Co.  to 
printing  ink  manufacturers.  They  are  constructed  in 
different  sizes  and  with  three  hard  metal  rollers  of  chilled 
steel  or  of  porphyry.  A  mill  suitable  for  smaller  manu- 
facturers is  shown  in  Fig.  38.  This  is  40  inches  in  length, 
47  inches  wide  and  45  inches  high,  and  has  rollers  8 
inches  in  diameter.  These  rollers  are  composed  of  por- 
phyry, and  have  a  surface  harder  than  steel,  so  that  the 
material  is  ground  as  finely  as  possible.  They  are  made 
to  run  at  different  speeds,  whilst  the  front  roller  has  also 
a,n  oscillating  movement,  both  of  which  help  to  make  the 
grinding  more  thorough. 

Further  advantages  claimed  for  this  type  of  mill  is  that 
there  is  no  possibility  of  the  material  overflowing  from 
the  side?,  and  that  the  rollers  keep  completely  cool  during 
the  grinding,  thus  preventing  any  alteration  in  the  colour 
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of  delicate  pigments,  as  sometimes  occurs  when  grinding 
rollers  become  hot. 

The  mill  shown  in  the  figure  is  capable  of  a  daily  output 
of  170  lbs.  of  letterpress  ink  or  70  lbs.  of  litho  ink,  and  is 
driven  by  an  engine  of  0.8  horse-power.    Larger  mills 


Fig.  38. — Lehmann's  Grinding  Mill. 

constructed  by  the  same  firm  require  2.5  horse-power, 
and  yield  a  daily  output  of  4  cwt.  of  letterpress  ink  or 
130  lbs.  of  litho  ink,  whilst  still  larger  machines  have 
six  and  nine  rollers,  and  give  twice  and  three  times  the 
output. 

Combined  mixing  machines  (Fig.  37)  and  grinding 
machines  are  also  employed  by  ink  manufacturers. 
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In  NeaVs  grinding  mill  (Eng.  Pat.,  No.  2640,  1860)  the 
bottom  roller  alone  revolves,  whilst  the  top  one  is  fixed. 

A  grinding  mill  patented  by  Jachson  (Eng.  Pat.,  No.  957, 
1870)  contains  flat  circular  grinding  plates  which  revolve 
on  a  vertical  spindle.  On  the  surface  of  these  plates  are 
teeth,  whose  cutting  faces  are  arranged  half  in  one  direc- 
tion and  half  in  the  other,  so  that  by  reversing  the  motion 
from  time  to  time  half  of  the  teeth  are  sharpened,  whilst 
the  others  are  in  action.  The  plates  are  kept  cool  by 
means  of  air-chambers  between  the  fixed  and  revolving 
discs. 

In  a  machine  protected  by  Z*w^c?07i  (Eng.  Pat.,  No.  3598, 
1873)  the  rollers  were  made  to  revolve  in  opposite  direc- 
tions, and  the  upper  roller  was  much  smaller  than  the 
lower.  This  arrangement  was  intended  to  accelerate  the 
passage  of  the  ink  and  prevent  the  darkening  that  some- 
times occurs  in  grinding  coloured  inks. 

Lithographic  Ink.— Printing  ink  for  lithography  is 
supplied  in  tins,  the  price  ranging  from  2s.  to  40s.  per  lb. 
A  fair  quality  of  black  ink  can  be  obtained  for  about  5s. 
per  lb.,  and  it  does  not  deteriorate  by  keeping.  It  is  in 
the  form  of  a  solid  of  the  consistency  of  cold  wax,  and 
must  be  thinned  down  with  varnish  before  it  can  be  used 
for  printing.  A  small  quantity  of  ink  is  treated  at  a 
time,  the  varnish  being  added  to  it  in  minute  quantities 
and  rubbed  down  with  the  palette-knife.  The  ink  is  at 
first  difficult  to  mix  with  the  varnish,  but  when  a  little  has 
been  incorporated  with  it  it  will  readily  absorb  more.  A 
good  deal  of  practice  is  necessary  before  the  lithographic 
printer  can  master  the  initial  difficulties  of  reducing  the 
ink  to  a  printable  condition.  He  must  be  guided  to  a  great 
extent  in  dilution  of  the  ink  by  the  state  of  the  atmosphere 
and  the  temperature. 

The  lithographer  in  a  small  way  of  business  is  frequently 
called  upon  to  print  such  small  things  as  concert  pro- 
grammes and  the  like  in  fancy  colours,  and  must  know  how 
to  compound  inks  of  different  hues.  By  the  aid  of  a  stone, 
muller,  palette-knife,  and  varnish  he  should  find  no  diffi- 
culty in  accomplishing  the  work.  The  pigment  or  pig- 
ments employed  are  rubbed  down  in  small  quantities  with 
the  palette-knife  and  with  medium  or  thin  varnish,  or  with 
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a  mixture  of  the  two,  according  to  tlie  state  of  the  ther- 
mometer. He  then  grinds  the  mixture  with  the  muller, 
gathering  it  up  again  with  the  knife  and  regrinding  again 
and  again.  More  colour  is  added  as  the  operation  proceeds, 
and  as  the  ink  gradually  gains  in  thickness  it  will  become 
necessary  to  do  this  by  scattering  the  pigment  over  the 
stone,  and  grinding  down  with  the  muller  without  the 
intervention  of  the  palette-knife.  But  the  latter  must  be 
employed  to  scrape  the  colour  from  the  stone,  pile  it  up 
before  submitting  it  again  to  the  action  of  the  muller. 
Ink  thus  prepared  works  better  if  kept  for  a  day  or  two 
before  being  used. 

For  delicate  tints,  as  in  painting  with  opaque  pigments, 
it  is  necessary  to  incorporate  with  the  colour  a  considerable 
body  of  white,  and  for  this  purpose  there  is  nothing  better 
tbau  zinc  oxide.  It  is  true  that  white-lead  has  more 
covering  power,  but  there  is  considerable  risk  of  chemical 
change  occurring  when  it  is  mixed  with  certain  other 
pigments.  A  transparent  alumina  introduced  by  Messrs. 
Madderton  and  Co.  affords  an  excellent  means  (in  conjunc- 
tion with  oil)  of  rendering  a  coloured  ink  paler  without 
changing  its  consistency.  In  chromolithography  an  ink  is 
sometimes  employed  for  a  pale  tint,  or  for  enriching  a 
colour  already  printed,  in  the  same  way  that  a  water-colour 
is  used  by  a  painter ;  that  is  to  say,  the  ink  is  sufficiently 
thinned  down  by  varnish  to  make  the  paper  show  through 
it.  This  device  has  the  advantage  of  reducing  the  number 
of  separate  printings  and  so  saving  expense.  It  is  not 
applicable  to  printing  from  type.  It  is  almost  unneces- 
sary to  state  that  in  printing  establishments  where  a  large 
amount  of  colour  work  is  done,  the  inks  are  ground  in 
mills,  or  are  supplied  ready  compounded. 

Collotype  Ink. — The  usual  practice  of  the  collotypist  is 
to  rub  down  lithographic  chalk  ink  with  "  middle  "  varnish, 
turpentine,  and  olive  oil,  and  when  he  requires  inks  of  dif- 
ferent colours,  he  mixes  each  severally  with  a  little 
turpentine  before  incorporation  with  the  other  media.  It 
is  also  customary  to  add  to  black  inks  a  small  proportion 
of  Prussian  blue,  indigo,  or  Venetian  red  to  improve  the 
tone.  A  special  inking  slab  and  muller  are  used  for  each 
colour. 
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Schnmcss  *  gives  definite  directions  for  preparing  ink  for 
collotype  work  on  these  lines.  From  our  own  experiments 
we  can  affirm  that  much  depends  in  the  collotype  process 
upon  the  thorough  incorporation  of  the  ingredients  of  the 
ink,  upon  its  even  distribution,  and  upon  the  degree  of 
moisture  in  the  atmosphere,  which  has  an  influence  upon 
the  gelatine  surface. 

*  Collotype,  p.  56. 
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COLOUKED  FEINTING  INKS. 

Contents.— Early  methods— Manufactured  inks— Painters' 
pigments— Early  ignorance  as  to  proper  pigments — Half-tone 
process  block— Necessity  for  cleanliness— Overlays— Coarse- 
grain  screens— Theory  of  colour— Diagrams  of  colour— Peculi- 
arities of  pigments— Permanency  of  pigments— Yellow  pigments 
— Eed  pigments— Blue  pigments— Green  pigments— Purple  and 
orange  pigments — Brown  pigments— "  Art"  shades — Three- 
colour  printing— Photographic  falsification  of  colour- 
Coloured  screens— Clerk-Maxwell's  work— Colour  screens  or 
filters— Coloured  light— Pure  pigments  unknown— General  con- 
siderations—Examination of  trichromatic  prints— The  half- 
tone dot— Necessity  for  transparent  inks— Opacity  of  yellow 
pigments— Supplementary  key  block— Inks  for  cheques 
and  bank  notes— Patent  inks  for  cheques. 

Early  Methods. — Interesting  details  as  to  the  use  of 
coloured  inks  in  printing  in  the  early  part  of  the  last 
century  may  be  gleaned  from  the  large  volume  by  Savage* 
This  contains  many  illustrations  in  colour,  with  a  specimen 
block  of  each  pigment  employed.  The  latter  are  useful  as 
witnesses  of  permanency,  but  the  fact  must  be  taken  into 
consideration  that  these  specimen  tints  have  not  been 
exposed  to  the  action  of  light.  Among  the  colours  illus- 
trated we  find  bistre,  sepia,  smalt,  cobalt  and  some  others 
which  are  now  seldom  employed  by  the  ink  manufacturer. 

It  is  worthy  of  notice  that  Savage  makes  no  allusion  to 
the  purchase  of  coloured  inks,  and  we  may  presume  there- 
fore that  up  to  the  date  of  this  book,  and  possibly  for 
some  time  afterwards,  printers  were  dependent  for  these 
upon  their  own  resources. 

Manufactured  Inks. — A  later  author,  Bingwalt,\^  re- 
marks that  "  in  the  present  advanced  state  of  ink-making" 

*  Practical  Hints  on  Decorative  Printing,  i2,22. 

f  The  American  Ericyclopcedia  of  Printing.    Philadelphia,  187 1. 
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it  is  better  for  printers  to  rely  upon  the  manufactured 
article  than  to  attempt  to  make  their  own  inks.  And  he 
suggests  that  the  difficulty  of  reducing  these  inks  and 
mixing  them  with  varnish  in  the  best  way  to  meet  the 
necessities  of  the  work  in  hand,  is  quite  enough  in  itself, 
without  the  trouble  of  compounding  the  inks  being  added 
to  it.  If,  however,  the  printer  should  insist  on  being 
independent  in  this  matter  he  is  referred  to  Hougliton' 8 
book*  for  further  information  on  the  subject  of  ink- 
making. 

Referring  to  Houghton,  we  find  that  he  admits  that 
coloured  inks  can  be  purchased  ready  for  use,  but  com- 
plains that  they  are  dear,  and  that  the  required  tints 
cannot  always  be  readily  obtained.  He  advises  the  printer 
therefore  to  buy  his  own  raw  materials  and  to  mix  them 
for  himself — taking  care  that  the  colours  employed  are  of 
the  best.  The  appliances  and  materials  necessary  consist 
of  a  muller,  a  marble  slab  and  palette-knife,  a  can  of 
printer's  varnish  and  the  raw  colours.  He  then  gives  a 
review  of  the  best  colours  to  use. 

Painters'  Pigments. — We  may  take  it  as  a  general  rule 
that  pigments  used  by  painters  can,  with  very  few  excep- 
tions, be  adapted  to  the  printing-press,  always  remembering 
that  the  painter  is  not  limited  to  a  certain  thickness  of 
material.  He  can  if  he  likes,  and  as  many  do,  pile  on  the 
paint  with  a  palette-knife  so  that  it  lies  on  the  canvas  in 
prominent  ridges.  The  printer,  on  the  other  hand,  must 
use  his  colours  in  such  thin  layers  that  their  thickness 
cannot  be  measured  even  by  a  micrometer.  It  is  obvious 
that  this  means  that  the  pigment  used  must  have  great 
body  or  covering  power,  unless  it  is  intended  by  printing 
one  colour  above  another  to  get  a  compound  tint. 

Early  Ignorance  as  to  Proper  Pigments. — In  a  smaller 
book  by  Savage  of  later  datef  a  chapter  is  devoted  to 
coloured  inks,  in  which  he  deplores  the  ignorance  of 
printers  and  ink-makers  concerning  colours  and  their 
application  to  the  press.  He  advises  the  use  of  slab  and 
muller,  and  good  printing  ink  varnish,  and  in  cases  where 
the  ink  shows  a  tendency  to  accumulate  upon  the  type 
*  Pn?ife)'\i  Everyday  Book,  1856. 

t  On  the  Prejiaration  of  Printing  InJi  both  Blacli  and  Coloured,  1832. 
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recommends  the  addition  of  curd  soap — which,  must  be 
rubbed  into  the  ink  with  the  muller.  He  then  repeats  in 
slightly  amplified  form  the  particulars  of  the  different  pig- 
ments which  he  gives  in  his  previous  work.  It  is  interest- 
ing to  note  that  he  advocates  the  use  of  carmine  for  a 
crimson  ink,  but  only  for  very  particular  purposes,  adding 
naively,  "I  have  been  accustomed  to  pay  for  the  best  two 
guineas  an  ounce." 

The  Half-Tone  Process  Block. — The  introduction  of 
the  half-tone  photographic  process  block,  which  has  largely 
superseded  the  art  of  wood  engraving,  caused  quite  a  revo- 
lution in  printing  methods.  The  etched  dots  upon  these 
blocks  are  so  fine  in  character  that  the  work  is  com- 
parable to  a  steel  engraving  rather  than  to  one  upon  wood  ; 
and  if  one  cares  to  look  up  the  files  of  any  illustrated 
journal  of  the  period  when  these  blocks  first  came  into 
use,  he  will  see  what  deplorable  things  the  printers  made 
of  them.  Neither  the  paper  nor  the  ink  were  good  enough 
to  meet  the  needs  of  these  finely  etched  blocks ;  and 
although  we  must  regret  the  decline  of  the  beautiful  art 
of  wood-engraving,  we  must  put  to  the  credit  of  the  pro- 
cess block  a  revivification  of  the  printer's  art  which  has 
been  beneficial  from  every  point  of  view. 

Necessity  for  Cleanliness. — Printers  are  beginning  to 
see  that  under  the  new  conditions  cleanliness,  as  well  as 
care,  is  needed  at  every  stage  of  the  work.  When  type 
and  electros  from  comparatively  coarse  wood-cuts,  both  of 
which  were  treated  with  black  ink  only,  were  the  sole 
requisites  of  the  printer's  art,  the  workshop  was  the  home 
of  grime,  perhaps  necessarily  so.  But  now  that  the  work 
entails  the  employment  of  delicately  etched  process  blocks 
much  greater  care  is  needed.  The  place  must  not  only  be 
kept  scrupulously  clean,  but  a  uniform  temperature  must 
be  maintained  if  good  work  is  to  be  produced.  The  com- 
mon use  of  the  electric  motor  for  driving  the  machinery 
has  banished  most  of  the  dirt ;  and  the  question  of  tem- 
perature is  not  a  difficult  one  to  solve.  The  black  ink 
used  for  process  blocks  must  be  of  the  finest  description, 
and  it  is  found  in  practice  that  they  take  up  far  less  ink 
than  either  type  or  woodcuts.  The  layer  of  ink  is  so  very 
thin  that  it  is  a  matter  of  necessity  that  it  should  have 
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good  covering  power,  otherwise  the  impression  will  appear 
to  be  grey  and  flat. 

Overlays. — These  blocks  require  to  have  the  pressure  so 
adjusted  that  it  is  greatest  in  the  shadows,  less  in  the  half- 
tones, and  lightest  of  all  in  the  high  lights.  This  desi- 
deratum is  secured  by  overlays,  and  a  great  improvement 
has  been  effected  by  the  recent  introduction  of  an  overlay 
made  of  guttapercha  on  paper,  which  is  produced  by  a 
photographic  process.  This  overlay,  which  is  specially 
adapted  to  the  process  block,  has  been  introduced  from 
America  and  is  known  by  a  patent  name. 

Coarse- Grain  Screens. — In  the  case  of  rapidly  printed 
newspapers  on  rotary  machines,  half-tone  blocks  made  with 
coarse-grain  screens  are  coming  more  into  use  every  day 
and  displacing  the  line-drawing — it  is  often  found  advisable 
to  use  a  finer  grade  of  ink  for  the  pages  bearing  the 
illustrations  than  for  those  containing  the  text.  In  higher 
class  journals  the  custom  has  recently  obtained  of  printing 
fine-grain  half-tone  blocks  in  coloured  ink  while  the 
accompanying  text  is  in  black.  This  of  course  involves 
separate  printing  unless  a  two-colour  machine  is  employed. 
The  effect  of  the  two  colours  on  one  page  is  often  most 
artistic. 

Theory  of  Colour. — It  would  be  beyond  the  scope  of 
this  work  to  devote  much  space  to  the  theory  of  colour, 
although  we  are  fully  alive  to  the  undoubted  advan- 
tages to  be  secured  by  all  those  having  to  deal  with  colour, 
by  an  understanding  of  the  principles  upon  which  that 
theory  is  based.  There  are  so  many  excellent  manuals 
upon  the  theory  of  colour,  the  harmony  of  colours,  and 
upon  the  use  of  pigments  generally,  that  all  who  desire  to 
acquire  knowledge  upon  these  subjects  will  have  no  diffi- 
culty in  finding  instructors. 

Diagrams  of  Colour. — Many  diagrams  have  been  pub- 
lished for  showing  at  a  glance  the  so-called  primary  colours, 
and  their  relation  to  the  secondary  and  tertiary  tints,  but 
the  most  simple  is  a  very  old  one  which  we  here  reproduce 
(Fig.  39),  and  in  doing  so  we  must  express  our  regret  that 
we  cannot  discover  the  name  of  its  originator.  It  is 
extremely  useful  in  at  once  fixing  upon  the  mind  the 
nature  of  colour  relation  so  far  as  pigments  are  concerned. 
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TJie  central  disc  is  black,  which  represents  a  mixture  of 
the  three  primary  colours — surrounding  the  disc  we  find 
the  primaries,  yellow,  red,  and  blue.  In  the  next  concen- 
tric ring  are  the  three  secondaries,  made  up  of  mixtures 
of  the  two  primary  colours  which  lie  against  them.  Thus 


39- — Colour  diagram. 


orange  is  a  mixture  of  red  and  yellow,  green  of  yellow  and 
blue,  and  purple  of  red  and  blue.  Here  too  we  have  a 
ready  guide  to  the  complementary  colours,  a  mixture  of 
any  two  of  the  primaries,  constituting  the  complementary 
tint  to  the  remaining  primary.  Thus  green,  made  up  of 
blue  and  yellow,  is  complementary  to  red  ;  orange  to  blue 
and  purple  to  yellow. 
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In  the  outermost  ring  are  the  tertiary  tints  made  up  of 
mixtures  of  the  secondaries,  thus — green  and  orange  form 
citrine;  orange  and  purple,  rwsse^Sy  green  and  purple,  olive. 

Peculiarities  of  Pigments. — The  worker  who  has 
hitherto  confined  his  attention  to  black  printing  will  find 
upon  dealing  with  colours  that  he  has  diflSculties  to  meet 
which  at  first  may  seem  to  be  insuperable.  Each  coloured 
ink  appears  to  have  its  own  peculiarities,  and  where,  with 
a  black  ink,  it  is  possible  to  temper  it  with  various  media 
so  as  to  alter  its  working  qualities,  coloured  ink  cannot  in 
many  cases  be  so  tampered  with.  A  colour  can  of  course  be 
modified  by  the  addition  of  white  to  lighten  it,  or  black  to 
darken  it ;  but  what  we  mean  is,  that  where  delicate  colora- 
tion is  necessary,  the  wholesale  addition  of  turpentine,  oil, 
varnish,  &c.,  is  not  permissible.  Inks  of  various  colours 
are  now  purchasable  which  need  no  such  additions. 

Permanency  of  Pigments. — Up  to  recent  times  the 
colours  employed  in  the  manufacture  of  printing  inks  were 
with  a  few  exceptions  of  mineral  origin,  and  such  colours 
are  as  a  general  rule  permanent  in  their  natuire.  And 
permanency  is  one  of  the  principal  considerations  in  the 
selection  of  a  colour,  unless  the  work  that  the  ink  is 
intended  for  be  of  quite  an  ephemeral  character. 

Aniline  Colours. — When  the  aniline  colours  first  became 
available  in  the  arts,  printers,  like  many  others,  were 
attracted  by  the  gorgeous  tints  presented  by  them.  The 
new  dyes  were  quickly  made  into  inks,  and  bizarre  posters 
with  colour  schemes  never  before  dreamt  of  even  by  those 
afilicted  with  acute  chromatic  aberration  appeared  on  the 
street  hoardings.  But  only  for  a  brief  time,  for  sunlight 
mercifully  bleached  out  several  of  the  colours  before  the 
prints  were  many  hours  old.  Any  one  can  test  for  himself 
the  fugitive  nature  of  most  of  these  aniline  colours  by 
exposing  any  surface  coloured  with  one  of  them  under  a 
negative  in  an  ordinary  photographic  printing  frame. 

It  is  the  belief  of  many  workers  that  this  charge  of 
instability  which  is  brought  with  such  good  reason  against 
the  aniline  colours  will  some  day  be  removed,  and  that  in 
course  of  time  aniline  colours  will  be  produced  to  which  no 
exception  can  be  taken  on  this  score.  We  shall  see,  when 
we  come  to  consider  the  requirements  of  the  three-colour 
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system  of  printing,  that  such  colours  are  greatly  in 
demand. 

The  experiments  of  Prof.  Church  *  on  the  stability  of 
different  oil  paints  exposed  to  the  action  of  light  and  air 
under  similar  conditions  for  periods  of  two  or  five  years  are 
very  instructive,  and  supplement  the  experiments  of  Sir 
William  Abney  and  Dr.  Bussell  on  moist  water  colours 
(p.  114). 

The  following  were  some  of  the  most  important  results 
obtained,  the  depth  of  the  initial  colour  in  each  case  being 


represented  by  lo  : 

Naples  yellow 

lO.O 

No  change. 

Madder  red  . 

lO.O 

Madder  carmine  . 

9-5 

1) 

Madder  brown 

g.o 

Artificial  ultramarine  . 

ICQ 

Prussian  blue 

s.s 

slightly  greener. 

Indigo  .... 

8.0 

Indian  yellow       .    ■  . 

8.0 

slightly  brown. 

Yellow  ochre 

lO  o 

browner. 

Crimson  lake 

I.O 

almost  gone. 

Aureolin 

9.0 

no  change. 

As  coloured  printing  inks  are  essentially  a  kind  of  oil 
paint,  it  is  not  unjustifiable  to  assume  that  closely  similar 
results  would  have  been  obtained  with  the  same  pigments 
incorporated  with  lithographic  varnish. 

Fugitive  Colours. — Want  of  permanence  is  thus  a 
fault  which  is  to  be  attributed  to  other  colours  besides 
those  derived  from  aniline;  and  those  who  would  seek 
information  upon  this  point  cannot  do  better  than  consult 
Professor  Church's  book,  where  a  table  is  given  in  which 
pigments  are  divided  into  three  groups — Class  I.,  contain- 
ing the  truly  permanent  colours  ;  Class  II.,  those  which  are 
subject  to  a  certain  amount  of  change,  but  which  may  be 
used  ;  and  Class  III.,  comprising  those  which  ought  to  be 
definitely  excluded  from  use. 

Following  the  order  adopted  in  the  table  referred  to,  we 
will  now  briefly  consider  the  various  pigments  which  are 
of  interest  to  the  printer  and  manufacturer  of  printing 
inks. 

*  Chemistry  of  Paints,  p.  346. 
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White  Pigments. — The  white  pigments  named  in  Pro- 
fessor Church's  list  are  three  in  number,  haryta  white, 
zinc  white,  and  fiahe  white.  The  first  named  is  not  used  in 
the  making  of  ink,  but  it  is  of  secondary  interest  to  the 
printer  in  that  this  description  of  white  is  much  used  in 
the  preparation  of  surface  paper,  which  is  now  so  much  in 
demand  for  the  effective  printing  of  half-tone  process 
blocks.  Zinc  white,  or  zinc  oxide,  is  much  in  request  by 
the  water-colour  artist  on  account  of  its  permanency ;  but 
it  is  not  so  satisfactory  for  printing  purposes  as  white 
lead  or  fiake  lohite.  All  these  three  pigments  appear  in 
Church's  list  as  first-class  pigments  in  the  matter  of  per 
manency,  if  used  for  oil  painting.  But  when  the  particles 
of  lead  carbonate  are  not  wrapped  up  in  oil,  i.e.,  when 
used  for  water-colour  painting,  the  pigment  is  rapidly 
attacked  by  anjr  sulphurous  contamination  in  the  air, 
and  quickly  blackeus. 

Yellow  Pigments. — Of  yellow  pigments  there  is  a  very 
great  variety,  and  although  printing  in  yellow  ink  is  not 
by  itself  often  called  for,  except  perhaps  in  poster  work, 
the  admixture  of  yellow  with  other  colours  in  the  forma- 
tion of  secondary  and  tertiary  tints  gives  it  an  importance 
which  it  might  not  otherwise  possess.  We  must  remem- 
ber, too,  that  in  the  modern  three-colour  process  yellow  is 
one  of  the  three  primary  tints  upon  which  that  process 
depends  for  its  efficiency. 

The  most  important  of  all  the  yellows  to  the  printer  is 
lead  chromate,  usually  known  as  chrome  yellow.  By  mixing 
the  neutral  chromate  with  lead  oxide  yellows  of  various 
tones,  including  the  orange,  may  be  obtained.  For  lighter 
chromes,  lead  sulphate,  while  a  mixture  of  lead  chromate 
and  sulphate  is  employed  in  the  production  of  certain 
tints.  Here  again  we  have  a  series  of  pigments  which, 
while  unstable  when  employed  as  water  colours,  are  com- 
paratively safe  when  locked  up  in  oil  or  varnish,  as  in  the 
manufacture  of  inks.  Chrome  yellow,  combined  with 
Prussian  blue  and  with  black,  gives  a  great  variety  of 
greens.  Vanadium  yelloio,  Mng's  yellow  (o7'piment), 
alizarine  yelloio,  aud  cdimrine  orange  are  all  liable  to 
change,  and  the  same  may  be  said  of  yelloio  lake,  brown 
pink,  yelloio  madder,  and  Italian  pink.    Cadmium  yellow 
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and  cadmmm  orange  may  be  placed  among  the  permanent 
colours,  but  they  are  too  expensive  for  common  use.  Of 
all  these  yellows,  chrome  yellovj  is  to  be  preferred  on 
account  of  its  easy  working  and  freedom  from  grittiness. 

Yellow  ochre,  Roman  ochre,  and  other  earths  are  durable 
pigments,  and  are  of  use  to  the  printer  when  bright  yellow 
tones  are  not  required.  They  are  also  useful  for  admixture 
with  Prussian  blue  and  other  j)igments  for  the  production 
of  composite  colours.  Haw  sienna  and  bur7it  sienna  come 
under  the  same  category,  the  first  being  a  yellow  and  the 
second  a  brownish  red.  These  last  named  pigments  are 
extremely  hard  and  require  careful  grinding. 

Red  Pigments. — There  are  many  red  pigments  which 
can  be  used  in  the  preparation  of  printing  inks.  Ver- 
milion, which  is  found  in  the  form  of  cinnabar  (mercuric 
sulphide),  in  many  parts  of  the  world,  or  can  be  pre- 
pared artificially,  is  tempting  because  of  its  beautiful 
scarlet  colour.  But  ink  prepared  from  it  cannot  be  em- 
ployed with  lead  type,  for  that  metal  decomposes  the 
mineral  and  changes  its  colour.  Otherwise  there  is  no 
reason  to  suspect  the  permanency  of  vermilion  when  asso- 
ciated with  oil  or  varnish,  and  Professor  Church  places  it 
among  the  first-class  pigments. 

Vermilion,  prepared  from  native  cinnabar,  was  used  in 
the  decoration  of  the  walls  of  Pompeii,  wax  being  the 
medium  with  which  it  was  associated.  The  colour  has  not 
faded,  although  nearly  twenty  centuries  have  gone  by 
since  the  doomed  city  was  overwhelmed  by  the  ashes  from 
Vesuvius.  We  must,  of  course,  take  into  consideration 
that  light  has  been  excluded.  The  Chinese  cinnabar  is  so 
pure  in  quality  that  it  merely  requires  grinding  to  convert 
it  into  the  well-known  scarlet  pigment.  Vermilion  of  first- 
rate  quality  is  expensive,  and  cannot  come  into  common 
use  as  an  ink. 

Madder. — One  of  the  most  valued  reds  has  always  been 
that  derived  from  the  madder  plant — RuMa  tinctorum  of 
LinnEeus — and  until  comparatively  recent  times  large 
tracts  of  land  in  India,  as  well  as  in  the  Levant,  Holland, 
and  France,  were  devoted  to  its  cultivation,  chiefly  for 
dyeing  purposes.  But  owing  to  the  synthetical  produc- 
tion of  its  chief  constituents,  alizarine  and  purpurine,  from 
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anthracene,  the  cultivation  of  the  madder  plant  may  now 
be  regarded  as  a  discarded  industry.  Anthracene  is 
derived  from  coal-tar,  and  the  colouring-matters  which  it 
affords  are  apparently  identical  with  those  formerly 
obtained  from  the  madder  plant.  A  great  variety  of  dif- 
ferent reds,  such  as  madder  carmine,  rose  madder,  pink 
madder,  hrouon  and  purple  madder,  are  obtained  from 
alizarine  and  purpurine.  The  best  qualities  are  fairly 
permanent,  but  some  of  the  tints  are  liable  to  change 
their  tone.  The  madders  come  under  Class  II.  in  Pro- 
fessor Churcli^s  list. 

Carmine. — Carmine,  a  very  unstable  compound  prepared 
from  the  cochineal  insect,  is  sometimes  employed  to  give 
a  fictitious  brilliancy  to  dull  reds,  but  it  is  so  much  more 
expensive  than  alizarine  that  it  does  not  now  often  come 
under  the  notice  of  the  ink  manufacturers. 

Iron  Oxide. — Indian  Red,  Turkey  Red,  Persian  Red,  seem 
to  be  different  names  for  the  same  thing,  ferric  oxide,  or 
iron  rust.  Although  not  suitable  for  fine  work  when  used 
by  itself,  it  is  valuable  for  mixtures  with  other  pigments. 
Light  red  and  Venetian  red  are  pigments  of  similar  tint, 
and  are  varieties  of  red  ochres. 

Blue  Pigments. —  Ultramarine  is  perhaps  the  most 
beautiful  of  the  blue  pigments,  whether  it  be  natural,  i.e., 
made  from  lapis  lazuli,  or  artificial.  The  artificial  ultra- 
marine, one  of  the  cheapest  colours,  is  alone  likely  to  come 
under  the  notice  of  the  printer.  Ink  made  from  it  is 
unsatisfactory.  It  will  not  work  well,  and  the  impressions, 
even  under  the  hand  of  a  skilled  man,  are  uneven  and 
rough  in  appearance. 

Prussian  Blue,  on  the  other  hand,  has  many  good  quali- 
ties to  recommend  it,  and  it  makes  a  variety  of  useful 
tints  when  mixed  with  other  pigments.  It  is  transparent, 
and  has  great  tinctorial  power,  but  when  much  diluted,  or 
made  into  a  light  tint  by  admixture  of  a  white  pigment, 
is  seen  to  have  a  greenish  hue.  Ink  made  from  Prussian 
blue  is  generally  regarded  as  being  permanent,  but  it  is 
liable  to  become  pale  when  exposed  to  alkaline  fumes, 
such  as  ammonia.  For  this  reason  Prussian  blue  inks 
should  not  be  employed  in  the  printing  of  labels  for  soap 
or  other  substances  of  an  alkaline  character. 
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Cobalt  is  a  permanent  blue,  but  is  seldom  used  by  the 
printer ;  and  the  same  may  be  said  of  indigo,  an  unstable 
colour,  but  one  which,  with  certain  yellows,  affords  useful 
greens. 

G-reen  Pigments. — Green  pigments  for  use  in  the 
printing  press  are  generally  compounded  of  Prussian  blue 
and  chrome  yelloio,  both  of  which  pigments  have  already 
been  considered.  But  chromium  oxide,  a  remarkably  stable 
comjDound,  is  also  occasionally  used  for  very  fine  printing, 
such  as  that  of  bank  notes. 

Many  greens,  like  I^merald  green,  Scheele's  green,  Paris 
green,  &c.,  are  combinations  of  copper  and  arsenic,  which 
are  highly  poisonous.  The  first-named  possesses  a  tint 
of  great  beauty,  which  cannot  be  equalled  by  any  combined 
pigments,  but  it  is  such  a  very  bad  working  colour  that  it 
is  not  made  up  as  a  printing  ink.  It  has,  however,  some- 
times been  dusted  on  to  a  printed  varnish  in  the  same  way 
that  bronze  powder  is  attached  to  such  varnish ;  but  the 
practice  must  be  fraught  with  so  much  danger  to  all  con- 
cerned that  only  ignorance  of  the  results  to  be  expected 
could  pardon  its  employment  in  this  way. 

Purple  and.  Orange  Pigments. — The  other  secondary 
colours,  orange  and  purple,  are  generally  compounded 
from  the  primaries,  and  they  do  not  need  further  descrip- 
tion at  our  hands.  An  endless  variety  of  different  tones 
is  procurable  by  using  the  constituent  primaries  in 
varied  proportions. 

Brown  Pigments. — Under  the  head  of  brown  pigments 
come  a  number  of  earths  which  owe  their  coloration 
principally  to  iron  oxide,  such  as,  ochre,  umber,  vandyke 
broivn,  &c.  These  earth  colours  are  permanent,  and  are 
useful  in  compounding  the  coarser  kind  of  printing  inks. 
But  it  should  be  noted  that  for  the  printing  of  delicate 
half-tone  blocks  such  natural  colours  are  quite  unsuitable. 
They  always  retain  their  gritty  character,  even  after  the 
most  thorough  grinding,  and  this  has  a  very  prejudicial 
effect  upon  the  blocks,  which  under  such  treatment  soon 
exhibit  signs  of  wear  and  tear. 

"  Art  Shades." — For  such  work  browns  of  far  richer 
tone  and  finer  substance  may  be  made  by  mixing  alizarine 
and  other  reds  with  black,  to  which  may  be  added  chrome 
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yellow,  Prussian  blue,  and  other  colours.  So-called 
"  art  shades  "  in  printing  inks,  made  up  of  secondary  and 
tertiary  colours  with  a  certain  admixture  of  black  to 
sadden  the  general  tone,  are  now  much  in  vogue.  If  the 
component  colours  be  carefully  selected,  a  half-tone  block 
printed  in  one  of  these  inks,  provided  that  it  has  plenty  of 
contrast  between  full  shadow  and  light  tint,  appears  as  if 
produced  by  two  printings.  Such  inks  have  been  described 
for  this  reason  as  double-tone  inks. 

It  may  be  mentioned  here  that  such  colours  as  ochre, 
umber,  &c.,  which  are  rich  in  oxygen,  do  not  require  the 
addition  of  any  separate  dr;^ing  medium  when  used  in  the 
manufacture  of  printing  ink. 

Three-Colour  Printing. 

Trichromatic  Printing. — It  is  when  we  come  to  con- 
sider the  effect  of  the  introduction  of  the  process  block 
upon  colour  work  that  we  find  changes  of  the  most 
radical  character,  not,  of  course,  in  the  production  of  mere 
monochrome  impressions,  but  in  the  practice  of  the 
three-colour,  or,  as  it  is  often  called,  the  trichromatic 
method  of  block  printing. 

It  is  not  within  the  scope  of  this  work  to  consider  how 
far  the  modern  three-colour  method  of  printing  will 
supersede  chromo-lithography ;  probably  there  will  be 
found  an  ample  field  of  employment  for  both  processes. 
But  it  will  be  necessary  to  give  a  brief  outline  of  the 
principles  upon  which  this  modern  method  of  producing 
pictures  in  colour  depends.  Like  the  half-tone  process 
block,  the  three-colour  method  of  printing  is  born  of  the 
art  of  photography. 

Photographic  Falsification  of  Colour. — It  has  long 
been  known  that  the  photographic  plate  gives  a  very 
false  rendering  of  coloured  objects,  blue  and  violet  being 
represented  as  white,  while  the  warmer  tints  are  shown  as 
black.  To  understand  the  underlying  cause  of  this  falsi- 
fication it  is  necessary  to  refer  to  Eig.  40,  which  repre- 
sents the  solar  spectrum  in  triplicate.  In  the  centre  it  is 
shown  diagrammatically  in  the  usual  manner,  with  the 
principal  Erauenhofer  lines  marked  by  initial  letters. 
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Also  indicated  in  this  diagram  are  the  prismatic  colours, 
from  violet  to  red.  Above  the  diagram  the  graduated 
strip  shows  how  the  spectrum  appears  to  the  eye,  the 
greatest  intensity  of  the  light  culminating  in  the  yellow 
region,  and  fading  away  gradually  into  the  red  at  one  end 
and  into  the  violet  at  the  other  end  of  the  scale. 

Relow  the  diagram  we  see  a  similar  graduated  strip, 
representing  the  solar  spectrum  as  reproduced  on  the 
photographic  plate,  and  we  are  able  to  note  at  once  that 
the^  place  of  greatest  intensity  is  not  near  the  yellow 
region,  but  is  far  away  at  the  violet  end  of  the  spectrum. 
This  is  a  graphic  manner  of  explaining  why  upon  the 
photographic  picture  blue  is  represented  as  white,  and  green, 
yellow  and  red  as  black,  or  nearly  so. 

Isoehromatic  Plates.— To  Professor  Vogd  is  due  the 
discovery  that,  by  associating  with  the  gelatine  emul- 
sion which  constitutes  the  surface  of  a  photographic 
plate  certain  aniline  dyes,  its  sensitiveness  to  what  we 
generally  call  the  warmer  colours  of  the  spectrum  is 
much  increased.  These  plates  are  known  as  isoehro- 
matic, or  ortho-chromatic,  and  are  used  in  the  camera  in 
conjunction  with  a  coloured  screen.  The  exact  position 
of  this  screen  is  unimportant,  but  a  convenient  plan  is 
to  mount  the  lens  of  the  camera  upon  a  kind  of  false 
front  with  a  slit  behind  it  in  which  the  screen  can  be 
inserted. 

Coloured  Screens. — A  simple  yellow  screen  or  filter 
consisting  of  a  glass  trough  holding  coloured  liquid,  or 
more_  conveniently  a  glass  plate  coated  with  coloured 
gelatine,  will,  in  conjunction  with  an  isoehromatic  plate, 
be  of  service  in  ordinary  landscape  work.  For  example, 
the  brilliant  yellow  blossoms  of  gorse  in  the  springtime 
would  be  represented  as  black  by  an  ordinary  plate,  but 
with  the  isoehromatic  plate  and  screen  they  would  be 
almost  white.  The  foliage  tints  of  autumn  can  also  be  now 
rendered  in  a  manner  far  more  true  to  nature  than  was 
possible  before  Professor  Vogcl's  discovery. 

Photography  and  Coloured  Objects. — Rut  when  we 
come  to  the  representation  by  photography  of  oil  and 
water-colour  pictures,  and  different  works  of  art  in  which 
colour  is  an  important  feature,  far  more  care  is  necessary 
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in  the  selection  of  a  proper  light  filter.  The  word 
filter  is  used  advisedly,  for  the  function  of  the  screen 
is  to  prevent  certain  rays  passing  it,  while  it  gives  pas- 
sage to  others.  In  other  words,  the  required  colour  is 
filtered  from  its  associated  tints. 

Clerk-Maxwell's  Work. — The  pioneer  in  this  work  was 
Professor  Glerh- Maxwell,  who  as  long  ago  as  the  year  1 86 1 
showed  in  an  imperfect  manner,  for  the  isochromatic 
plate  had  not  yet  been  conceived,  that  three  pictures 
photographed  from  one  coloured  original,  but  each  under 
a  differently  coloured  screen  or  filter,  would,  when  com- 
bined under  suitable  coloured  lights,  amalgamate  into  a 
fair  representation  of  the  object  photographed.  MaxiuelVs 
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Fig.  41. — Clerk-Maxwell's  colour  curves. 


colour  curves  have  formed  the  basis  of  all  work  in  this 
direction  since  his  time.  A  representation  of  these  curves 
is  given  at  Fig.  41.  We  here  see  the  proportion  of 
the  spectrum  of  which  each  of  the  three-colour  filters 
should  consist,  the  red  taking  in  a  certain  part  of  the 
yellow  and  green,  the  green  overlapping  the  red  and 
blue,  while  the  blue  comprises  the  violet  and  part  of  the 
green. 

Colour  Screens  or  Filters. — By  mixtures  of  certain 
aniline  dyes,  and  staining  with  them  glass  plates  coated 
with  gelatine,  screens  or  light  filters  can  be  made  to  closely 
approximate  in  tint  to  Maxwell's  curves.  In  photograph- 
ing a  coloured  object,  say  au  oil  painting,  three  negatives 
are  made,  each  under  its  respective  colour  filter.  From 
those  negatives  half-tone  blocks  are  prepared,  and  it  is  the 
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printer's  business  to  superpose  the  images  from  those 
blocks  in  three  coloured  impressions  so  as  to  give  a  fair 
representation  of  the  original  coloured  object. 

Coloured  Light. — In  dealing  with  coloured  light  we 
find  that  if  we  mingle  upon  a  screen  the  colours  red,  green 
and  blue,  from  three  lanterns  we  produce  white,  or  an 
approach  thereto,  for  white  light  is  composed  of  all  the 
colours  of  the  spectrum.  But  if  we  mix  together  pigments 
of  the  same  tones  we  produce  black.  In  the  one  case  we 
are  working  with  coloured  lights,  and  in  the  other  with 
coloured  shadows.  And  when  we  come  to  handle  pig- 
ments such  as  are  employed  by  painters,  and  in  the  manu- 
facture of  printing  ink,  we  must  regard  as  primary  or 
foundation  colours,  blue,  red,  and  yellow. 

Pure  Pigments  unknown. — There  is  unfortunately  no 
such  thing  as  an  absolutely  pure  pigment,  and  we  can 
never  hope  really  to  match  the  rainbow  colours  of  the 
prism,  otherwise  it  would  be  possible  to  follow  with 
some  accuracy  tha  guide  afforded  by  Maxwell's  curves. 
The  ideal  pigments  for  printing  in  three  colours  have 
yet  to  be  found  ;  and  ink  makers  are  so  alive  to  the 
importance  of  the  subject  that  they  are  devoting  much 
attention  to  the  production  of  inks  which  shall,  as  far 
as  possible,  come  up  to  the  scientific  standard. 

General  Considerations. — The  difficulty  with  which 
printers  have  hitherto  had  to  deal  is  that  the  ink  makers 
have  not  worked  hand  in  hand  with  the  makers  of  light 
filters  to  reach  one  common  goal.  The  colours  of  screens 
and  of  the  inks  to  be  associated  with  them  should  be  fixed 
and  unalterable.  Many  workers  have  been  in  favour  of 
producing  the  three  inks  in  the  first  place,  taking  care  that 
the  pigments  are  as  pure  in  tone  as  it  is  possible  to  procure 
them,  and  then  of  adapting  the  colour  screens  or  filters 
to  the  pigments  so  chosen.  At  present  there  seems  to  be 
much  confusion  reigning,  owing  to  so  many  workers  acting 
independently  of  one  another  ;  and  it  thus  comes  about 
that  A.'s  blocks  will  give  results  with  inks  made  by  C, 
which  are  not  possible  if  B.'s  inks  are  used.  That  this 
confusion  is  quite  unnecessary  must  be  apparent  when  we 
remember  that  the  exact  colours  of  the  inks  and  screens 
are  based  upon  scientific  principles. 
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Examination  of  Trichromatic  Prints. — In  drawing 
this  chapter  to  a  conclusion,  we  may  note  that  those  who 
would  get  a  fair  idea  of  the  way  in  which  separate  process 
blocks  can  be  made  by  three  printings  to  give  all  the 
varied  tints  of  a  polychromatic  original  object,  will  learn 
far  more  by  five  minutes'  careful  examination  of  a  good 
specimen  of  three-colour  printing  than  they  can  from 
many  pages  of  description. 

To  examine  the  print  a  good  magnifying  glass  is  needed, 
for  it  is  requisite  to  separate  the  dots  of  which  the  picture 
is  composed,  and  to  note  their  colour  and  relation  to  one 
another. 

The  Half-tone  Dot. — As  in  all  half-tone  blocks,  these 
dots  are  large  and  crowded  together  in  the  shadows,  and 
comparatively  small  and  widely  separated  in  the  lights. 
In  the  deepest  shadows  of  all  the  dots,  yellow,  red,  and 
bl  ue  are  superposed  one  on  the  other  to  form  a  near 
approach  to  black.  In  other  places  we  find  two  dots  of 
different  colours  printed  above  one  another,  and  giving 
just  the  same  effect  as  the  same  two  colours  mingled  on  a 
palette.  In  other  places  we  find  dots  of  different  colours 
placed  in  juxtaposition  so  that  the  eye  mixes  them  into 
a  compound  tint. 

Necessity  for  Transparent  Inks. — Now  it  is  obvious 
that  one  of  the  first  requisites  of  the  inks  used  for  these 
built-up  tones  is  that  they  should  possess  transparency. 
An  opaque  colour,  like  vermilion  or  ultramarine,  would  at 
once  blot  out  anything  already  printed  beneath  it.  We 
can  therefore  say  at  once  that  such  colours  are  inad- 
missible for  this  class  of  work. 

Opacity  of  Yellow  Pigments. — The  yellow  must  be  of 
a  sulphur  hue,  and  it  is  not  easy  to  hit  upon  exactly  the 
right  pigment.  A  transparent  yellow  is  not  at  present  to 
be  found  which  is  suitable,  but  the  difficulty  of  opacity  is 
partly  overcome  by  printing  the  yellow  block  first.  Next 
in  order  comes  the  red,  and  there  is  nothing  better  than 
the  madder  lake  which  is  produced  from  alizarine.  We 
have  already  seen  that  its  permanency  is  good,  and  it  is  a 
very  transparent  colour.  For  blue  we  must  use  Prussian 
blue,  and,  as  far  as  possible,  the  three  colours  must  be  so 
compounded  that  they  possess  equal  covering  power. 


COLOUEED  FEINTING  INKS  183 


Supplementary  Key  Block. — Some  workers  have 
advocated  the  use  of  a  supplementary  key  block  printed  in 
black  or  brown  in  addition  to  the  usual  trichromatic 
blocks.  But  this  can  only  be  necessary  when  the  original 
screens,  or  the  coloured  inks,  are  at  fault,  or  when  the 
screens  do  not  represent  truly  the  complementaries  of  the 
colours  used.  If  the  right  colours  are  employed  the 
superposition  of  the  three  inks  should  produce  black,  and 
different  shades  of  grey  should  be  possible  by  varying  the 
proportions  of  each.  The  key  block  is  regarded  by  the 
foremost  workers  as  a  superfluity. 

Inks  for  Cheques  and  Bank  Notes. 

Under  the  head  of  "Printing  inks  that  change  colour 
on  the  application  of  an  acid,"  Savage^  tells  us  of  a  black 
ink,  the  method  of  making  which  was  for  a  long  time  kept 
a  profound  secret  "by  one  house  in  the  city  of  London," 
which  was  designed  to  prevent  fraudulent  alterations  in 
bankers'  cheques,  &c.  And  he  suggests  that,  in  addition 
to  this  precaution,  the  whole  paper  of  such  documents 
should  be  covered  with  a  delicate  lace  pattern  in  a  light- 
coloured  ink,  so  that  should  any  attempt  be  made  to 
remove  writing  upon  such  a  draft  by  means  of  acid,  the 
pattern  and  the  printed  words  would  disappear  as  well  as 
the  writing  ink.  The  black  ink,  for  which  he  furnishes  a 
recipe,  is  made  of  galls,  iron,  and  logwood,  which  is  pre- 
cipitated, dried,  and  ground  with  soap,  turpentine,  and 
balsam  of  capivi. 

For  the  purpose  of  printing  the  lace-like  pattern  over 
the  surface  of  the  paper  he  recommends  the  lake  of  com- 
merce,ground  up  with  varnish  and  a  large  proportion  of  curd 
soap.  This  ink  he  actually  tried,  and  found  that  it  would 
not  resist  oxalic  acid,  but  he  states  that  any  colour  of 
vegetable  origin  might  be  adapted  to  the  same  purpose. 
He  expresses  the  hope  that,  from  the  hints  which  he  has 
given,  the  subject  will  be  pursued  and  the  method  made 
perfect — and  asserts  that  if  he  should  thus  prove  to  be 
the  means  of  preventing  the  commission  of  crime,  it  would 
be  a  source  of  the  highest  gratification  to  him. 

*  TJie  Preparation  of  Printing  Inh,  1832. 
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In  the  earliest  attempts  to  guard  against  fraud  by 
alterations  in  cheques,  &c.,  attention  was  directed  to 
the  writing  ink  to  be  used,  and  numerous  so- called 
"  safety  inks  "  (p.  207)  were  devised.  Obviously,  how- 
ever, such  inks  would  only  be  used  to  a  limited  extent, 
and  the  necessity  for  them  has  been  largely  obviated  by 
the  introduction  of  various  methods  of  printing  the 
groundwork  of  the  cheque  with  special  inks  that  would 
permanently  change  colour  on  the  addition  of  any  of 
the  usual  reagents  employed  to  remove  ordinary  iron 
gall  inks. 

Patent  Inks  for  Cheques,  &c. — A  process  patented  by 
Seropyan  (Eng.  Pat.,  No.  1744;  1857)  devised  to  pre- 
vent the  counterfeiting  of  bankers'  drafts  and  other  docu- 
ments by  photography.  Two  or  more  colours  were  used, 
each  of  which  "  absorbed  light."  The  groundwork  of 
the  note  was  printed  in  one  of  these  {e.g.,  yellow,  red  or 
orange),  whilst  the  other  was  made  into  an  ink  for  printing 
the  design  and  figures  on  the  note,  and  was  as  fugitive  as 
the  ground  colour.  An  ink  of  this  type  consisted  of  iron 
hydroxide  and  gallic  acid  ground  in  boiled  linseed  oil. 
Documents  thus  printed  gave  only  a  blurred  photographic 
copy,  whilst  any  attempts  to  remove  the  ground  colour 
simultaneously  removed  the  design.  Vogel's  discovery  of 
colour  sensitive  plates  destroys  whatever  value  there  was 
in  this  invention. 

In  Moss's  patent  (Eng.  Pat.,  No.  348  ;  1859)  the  paper 
pulp  for  the  notes  was  incorporated  with  a  pigment,  "such 
as  chromium  oxide  or  burnt  clay ;  whilst  an  ink  for  print- 
ing the  notes  contained  burnt  China  or  other  clay  and 
sulphur,  with  or  without  a  pigment.  It  was  stated  that 
any  attempt  to  remove  the  colour  or  printing  would  render 
the  note  useless  for  circulation. 

A  permanent  printing  ink  for  bank  notes  invented  by 
Edson  (Eng.  Pat.,  No.  3204;  1863)  consisted  of  a  com- 
pound of  stannic  oxide  with  chromium  oxide  or  other 
metallic  oxide. 

In  1876  Pinhney  (Eng.  Pat.,  No.  4470)  claimed  a  pro- 
cess of  treating  the  note  with  a  substance  that  would  form 
an  insoluble  compound  with  ordinary  writing  ink,  and 
mentioned  in  particular  soluble  non-deliquescent  ferro- 
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and  ferri-cyanides  with  an  aniline  or  vegetable  colour  as 
suitable  for  the  purpose. 

In  Nesbit's  patent  (No.  4204  ;  1879)  ordinary  litho- 
graphic ink  was  dried,  powdered,  and  mixed  with  an 
aniline  dye-stuff  soluble  in  water,  the  whole  being  mixed 
with  turpentine  or  other  liquid  which  would  not  dissolve 
the  aniline  dye-stuff.  Cheques  printed  with  this  ink  would 
be  smeared  on  applying  any  aqueous  reagent  to  remove 
writing. 

A  special  method  of  preparing  paper  for  cheques  by 
immersion  in  copper  sulphate  and  ammonium  carbonate 
solution,  and  subsequently  in  an  alkaline  solution  of 
cochineal  with  alum  and  glycerin,  was  provisionally  pro- 
tected by  Haddan  (Eng.  Pat.,  No.  4997  5  1879).  This 
paper  would  change  colour  on  contact  with  the  reagents 
used  to  remove  writing  ink. 

A  process  with  the  same  end  in  view  was  patented  by 
Bupre  and  Hehner  (Eng.  Pat.,  No.  375  ;  1881).  The  pre- 
paration used  for  printing  the  note  consisted  of  a  sulphide 
insoluble  in  water,  but  acted  on  by  dilute  acids  (e.^.,  zinc 
sulphide),  with  lead  carbonate  or  other  salt  of  a  heavy 
metal.  The  mixture  was  worked  into  a  paste  with  glycerin, 
treacle,  and  gum  arabic,  and  could  be  used  for  printing 
invisible  characters  on  the  cheque,  or  added  to  the  coloured 
paste  for  printing  the  groundwork.  On  applying  acid, 
alkali,  or  cyanide  to  a  cheque  thus  treated,  dark  stains 
would  be  produced  immediately. 

A  method  of  preventing  the  obliteration  of  printing  ink 
by  means  of  solvents  for  oils,  and  especially  the  cancelling 
marks  on  postage  stamps,  was  devised  by  Neshit  (Eng.  Pat. 
No.  949  ;  1883).  It  consisted  of  the  use  of  a  printing  ink 
prepared  by  incorporating  an  extract  of  alkanet  root  with 
oil.  Any  attempts  to  remove  ordinary  printing  ink  would 
blur  the  printing  done  with  this  ink.  In  1 896  Well  (Eng. 
Pat.,  No.  26,992)  patented  an  aniline  safety  ink  for  copper 
and  steel-plate  printing  of  cheques  and  the  like. 
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Most  writing  inks  are  capable  of  yielding  one  or  more 
copies  when  pressed  with  a  suitable  moist  paper  soon  after 
writing.  Thus  an  ordinary  iron  gall  ink  of  the  old  type 
will  give  a  faint  copy  before  it  has  become  completely 
oxidised,  but  when  once  the  pigment  has  become  com- 
pletely insoluble  copies  can  no  longer  be  taken. 

As  the  process  of  copying  tends  to  make  the  original 
writing  too  faint,  it  is  necessary  to  have  an  additional 
quantity  of  pigment  in  the  ink,  together  with  a  certain 
proportion  of  gum  or  other  adhesive  material  to  attach  this 
excess  of  colouring-matter  to  the  surface  of  the  paper,  and 
to  protect  it  from  too  rapid  oxidation. 

In  the  case  of  "  alizarine  "  inks  the  iron  tannate  becomes 
insoluble  as  the  writing  dries,  but  the  indigo  remains 
soluble  in  water,  so  that  a  faint  blue  copy  can  be  taken  at 
any  subsequent  period  by  pressing  the  writing  with  a 
damp  sheet  of  paper. 

Logwood  inks  yield  reddish-grey  copies,  which  gradually 
oxidise  and  become  black.  When  the  writing  is  com- 
pletely dry  only  faint  copies  can  be  taken. 
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Dextrin  is  sometimes  employed  in  place  of  gum  to  form 
a  sort  of  varnish  over  the  writing  to  prevent  early  oxida- 
tion. Sugar,  too,  is  frequently  added  for  the  same  pur- 
pose, but  has  the  drawback  of  leaving  the  writing  more 
or  less  sticky. 

Viedt  *  considers  that  many  copying  inks  contain  too 
large  a  proportion  of  adhesive  substance,  and  is  of  opinion 
that  from  30  to  50  grms.  of  gum  arable  jaer  litre  is  quite 
sufficient  for  a  good  ink. 

A  small  amount  of  glycerin  is  a  common  constituent  of 
copying  ink,  its  object  being  to  prevent  the  gum  from 
altogether  drying.  If,  however,  it  be  added  in  too  large 
an  excess  the  ink  will  smudge,  as  is  the  case  with  a  certain 
commercial  copying  ink  that  contains  as  much  as  a  third 
of  glycerin. 

Even  in  Bottgers  copying  ink  (infra)  the  proportion  of 
glycerin  (120  grms.  per  litre)  is  too  high,  and  in  Viedt's 
opinion  only  a  sixth  of  this  amount  is  required  to  make  an 
excellent  copying  ink  on  those  lines. 

Speaking  generally,  iron  gall  and  logwood  inks  should 
contain  from  30  to  40  per  cent,  less  water  than  inks 
of  the  same  formula  intended  for  use  as  writing  inks 
only. 

Various  Copying  Inks. — Of  the  numerous  published 
formulas  for  copying  inks  the  following  are  selected  as 
typical,  whilst  others  can  easily  be  calculated  by  modify- 
ing the  composition  of  writing  inks  given  (pp.  93-99), 
in  accordance  with  the  general  considerations  given 
above : — 

Stark's  Patent  Coioying  Ink.  f — Logwood  extract, 
250  grms.;  iron  sulphate,  17  grms.;  copper  sulphate, 
17  grms.  ;  alum,  100  grms.  ;  and  sugar,  50  grms.,  in  a 
litre  of  boiling  water.  The  solution  is  subsequently  mixed 
with  16  grms.  of  potassium  chromate,  lOO  grms.  of 
glycerin,  and  200  grms.  of  sulphindigotic  acid. 

Bdttger''s  Alum  Logwood  Copying  Ink.\ — One  part  of 
alum,  2  of  copper  sulphate,  and  4  of  logwood  extract  are 
boiled  with  48  parts  of  water,  and  the  solution  filtered. 

*  Dingier' s  i}olyt.  Jourv.^  1875,  ccxvii.  148. 

t  IMd.  76. 

J  Ih'id.  1859,  cli.  431. 


188       INKS  AND  THEIR  MANUFACTUEE 


Copies  made  with  this  ink  are  faint  at  first,  but  soon 
become  dark. 

A  later  modification  of  this  ink  was  made  by  Bottger*  in 
the  following  manner : — Logwood  extract  30  grms.  and 
crystalline  sodium  carbonate,  8  grms.  are  boiled  with 
250  c.c.  of  water,  and  the  solution  mixed  with  30  grms.  of 
glycerin  (sp.  gr.  1.25),  i  grm.  of  potassium  chromate, 
8  grms.  of  powdered  gum  arabic,  and  (preferably)  about 
I  grm.  of  copper  sulphate  to  strengthen  the  colour. 

Bdidon's  Patent  French  Copying  InhA — Galls,  10  grms.; 
ferrous  sulphate,  100  grms.  ;  and  logwood,  300  grms. ; 
are  boiled  with  i|  litres  of  water  down  to  j  litre.  The 
solution  is  then  mixed  with  250  grms.  of  molasses, 
1 5  grms.  of  gum,  and  50  grms.  of  alcohol  containing 
5  grms.  of  an  essential  oil  as  preservative. 

Dieterich's  Violet  Logivood  Ink.\ — Logwood  extract 
solution  (20  per  cent.),  600;  sulphuric  acid,  0*5  ;  mixed 
with  a  solution  of  aluminium  sulphate,  40 ;  oxalic  acid, 
40  ;  potassium  carbonate,  40  ;  potassium  bichromate,  4  ; 
and  phenol,  i  ;  in  250  parts  of  water.  This  ink  yields 
excellent  copies. 

Dieterich's  Gall  Copying  Inks. — Dicterich  §  has  prepared 
copying  inks  from  oxidised  gall  extract  and  oxidised 
tannin  solution  prepared  as  described  on  p.  96. 

Black  Oxidised  Gall  Ink. — 900  parts  of  the  oxidised  gall 
extract  with  4  of  sulphuric  acid  (sp.  gr.  1.835)  60 
of  ferrous  sulphate,  decanted  after  three  weeks  and  diluted 
to  a  litre. 

Black  Oxidised  Tannin  Ink. — 600  parts  of  oxidised 
tannin  solution  mixed  with  a  solution  of  60  parts  of 
ferrous  sulphate  in  350  parts  of  water,  filtered  after 
three  weeks  and  diluted  to  a  litre. 

For  coloured  copying  inks,  these  inks  are  mixed  with 
various  aniline  dyes,  such  as  phenol  blue  2' 5  parts  per 
litre  ;  6  of  Ponceau  red ;  6  of  aniline  green  ;  1-5  of  phenol 
blue  and  2*5  of  aniline  green  (for  blue-green);  i'5  of 
phenol  blue  and  2.0  of  Ponceau  red  (for  violet),  &c. 

*  Dingier' s  polyt.  Journ.,  1869,  cxci.  175. 

t  Wagner'' s  Jahresher.,  1873,  xix.  842. 

X  Pharvi.  Manual,  1897,  P-  685. 

§  IMd.  p.  683. 
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Aniline  Copying  Inks. — Many  of  the  commercial  copy- 
ing inks  are  prepared  from  aniline  colours,  which,  being 
soluble  in  water  and  not  undergoing  oxidation,  enable 
copies  to  be  taken  at  any  subsequent  period. 

Dieterich  *  gives  the  following  formulee  for  such  aniline 
copying  inks : — 

Violet. — 20  of  methyl  violet,  3  B,  in  940  of  warm  water, 
with  10  of  sugar,  and  2  of  oxalic  acid. 

Blue. — 10  of  resorcin  blue  in  950  of  water,  with  10  of 
sugar  and  2  of  oxalic  acid. 

Bed. — Eosin,  25;  sugar,  30,  in  100  of  cold  water; 
subsequently  filtered. 

The  following  dye-stuffs  manufactured  by  the  Badische 
Company  are  suitable  for  copying  inks  : — 

Violet  Inks. — (a)  Crystal  Violet,  the  hydrochloride  of 
hexaraethylpararosanlline. 

(h)  Methyl  Violet  0  and  III.  extra  N,  which  are  of 

similar  chemical  composition. 
Green  Inks. — Diamond  Green,  B  and  G  (c/.  p.  117). 
Bed  Inks. — Diamond  Magenta  and  Magenta  Powder, 

which    are   mixtures  of    the  hydrochloride  and 

acetate  of  pararosaniline,    and  the  corresponding 

salts  of  rosaniline  respectively. 

Safranine  T.  extra,  being  phenyl-  and  tolyl-tolu- 

safranin  chlorides. 
Black  Inks. — A  combination   of  the   above  violets, 

greens,    and   reds   with    chrysoidine  (diamido- 

azobenzol  hydrochloride)  yields  a  black  copying 

ink. 

Patent  Copying  Inks. — Numerous  British  patents 
have  been  taken  out  for  the  preparation  of  copying  inks 
aud  papers,  of  which  the  following  are  the  more  im- 
portant. The  modern  method  of  cop3dng  by  means  of 
pressure  aud  a  special  ink  is  due  to  James  Watt,  the 
engineer  (Eng.  Pat.,  No.  1244  ;  1780),  whose  copying  press 
was  of  the  same  form  as  in  use  to-day.  The  addition  of 
glycerin  was  first  claimed  by  Henry  (Eng.  Pat.,  No.  1 132, 
1858),  whilst  Boherts  (Eng.  Pat.,  No.  1213  ;  1S62)  added 

*  Pharm.  Manual,  1897,  p.  687. 
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molasses  and  an  extract  of  alhemosch  seeds,  in  addition  to 
glycerin.  The  use  of  glycerin  was  also  claimed  by  Win- 
stone  (Eng.  Pat.,  1996  ;  1858),  by  Cooke  (Eng.  Pat.,  No.  47  ; 
1869),  and  by  Coen  (Eng.  Pat.,  No.  3247;  1891).  In 
Conrad  and  Lilley's  patent  (No.  201 1,  1890),  indigo 
carmine,  aniline  black,  glycerin  and  magnesium  chloride 
are  added  to  an  ordinary  iron  gall  ink;  whilst  the  addition 
of  a  deliquescent  salt,  such  as  ammonium  nitrate,  with  the 
glycerin  is  protected  by  Conrad  (Eng.  Pat.,  No.  10,401, 
1890). 

Aniline  dye-stuffs  enter  into  the  comjDosition  of  several 
of  the  patented  inks,  that  of  Kivayser  a'lid  Hamh  (Eng. 
Pat.,  No.  4606;  1878),  consisting  solely  of  an  aqueous 
or  alcoholic  solution  of  an  aniline  colour. 

Copying  inks  in  the  form  of  a  powder  were  patented 
by  Byford  (Eng.  Pat.,  No.  974;  1876)  and  by  Jacohsolm 
(Eng.  Pat.,  No.  1586;  1878),  the  latter  being  prepared  by 
evaporating  to  dryness  a  solution  of  aniline  dye  with 
sugar,  gum,  &c. 

Copying  Papers. — Of  special  copying  papers  that  of 
Pijfard  (Eng.  Pat.,  No.  10,905  ;  1890)  was  prepared  by 
treating  paper  with  a  saturated  solution  of  gallic  acid, 
and  was  used  with  an  iron  ink.  In  Bealcs'  patent  (No. 
17,373  ;  1890),  the  paper  consists  of  tissue  paper  saturated 
with  a  solution  of  loaf  sugar  and  silver  nitrate  in  a 
mixture  of  water  and  glycerin,  whilst  the  ink  is  an  iron 
gall  logwood  ink  containing  glycerin  and  vegetable  black. 
Both  of  the  above  inks  are  stated  not  to  require  a  copy- 
ing press. 

Another  special  copying  paper  is  that  protected  by 
Brown  (Eng.  Pat.,  No.  3807  ;  1900),  which  is  coated  on  one 
side  with  hardened  gelatin,  and  on  the  other  with  a 
deliquescent  salt  such  as  calcium  chloride  and  a  solution  of 
a  substance  not  affected  by  ordinary  ink.  This  paper  does 
not  require  damping. 

Copying  Ink  Pencils. — These  consist  of  a  base,  such  as 
powdered  graphite  and  kaolin  clay  mixed  with  a  very  con- 
centrated solution  of  methyl  violet  or  other  aniline  dye- 
stuff  into  a  paste,  which  is  pressed  into  sticks  and  dried. 
In  Viedfs*  opinion  the  use  of  gum  arable  as  a  binding 
♦  Dingier' s polyt.  Jour. I.,  1875,  ccxvi.  96. 
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material  is  less  suitable.  Provisional  protection  was 
claimed  by  Petit  (Eng.  Pat.,  No.  4090,  1874)  for  a  copying 
ink  pencil  prepared  in  this  way. 

Manifold.  Copying  Apparatus.  —  The  well-known 
simple  apparatus  known  as  a  (jraph  is  composed  of  a  stiff 
gelatin  bed,  which  receives  the  impression  of  the  writing 
and  enables  several  copies  to  be  taken.  The  ink  usually 
consists  of  an  aqueous  solution  of  methyl  violet  or  other 
soluble  aniline  dye.  This  type  of  copying  apparatus  was 
patented  by  Rosefdd  in  1879  (Eng.  Pat.,  No.  2256),  the 
block  consisting  of  gelatin,  glycerin,  molasses  or  sugar, 
acetic  acid,  and  iron  oxide,  with  sodium  bisulphite  to 
prevent  decomposition  of  the  gelatin.  Special  aniline 
and  metallic  inks  for  manifold  copying  apparatus  were 
also  patented  by  Hardt  (Eng.  Pat.,  No.  4187;  1879). 

Another  copying  apparatus  of  the  same  type,  protected 
by  Schmitt  (Eng.  Pat.,  No.  948  ;  1881),  contained  glycerin 
and  chrome  alum  in  the  jelly,  whilst  the  ink  contained  a 
colour,  such  as  indigo  and  a  uranium  salt,  and  had  a 
chemical  action  on  the  bed.  The  impression  produced  on 
the  bed  was  capable  of  receiving  printing  ink.  The 
drawback  of  gelatin  copying  apparatus  is  that  the  jelly 
soon  becomes  saturated  with  the  aniline  ink  and  is  no 
longer  capable  of  yielding  clean  copies.  This  is  obviated 
in  the  apparatus  protected  by  Smith  (Eng.  Pat.,  No.  7149  ; 
1888),  which  consists  of  a  slab  composed  of  a  mixture  of 
china  clay,  starch,  glycerin,  and  water,  from  which  the 
impression  can  be  completely  removed  by  means  of  a 
sponge  after  use.  The  ink  is  a  solution  of  an  aniline 
colour  in  a  mixture  of  water,  alcohol,  and  hydrochloric 
acid. 
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Natural  Vegetable  Inks. 

Numerous  plants  contain  a  juice,  which  is  oxidised  on 
exposure  to  the  air,  yielding  black  or  brown  pigments, 
often  of  great  durability;  and  such  natural  inks  have  been 
employed  in  various  parts  of  the  world,  either  for  writing 
or  for  marking  linen. 

Jametel*  quoting  from  ancient  Chinese  documents,  states 
that  prior  to  about  2697  B-C.  the  Chinese  used  a  kind  of 
vegetable  varnish  for  ink,  and  not  the  product  which  is  now 
known  as  Chinese  or  Indian  ink.  It  is  probable  that  this 
ink  was  the  juice  of  a  species  of  Rhus  {vide  infra). 

The  Ink  Plant  of  New  Granada.— According  to 
Johnson  f  the  juice  of  Coriaria  thymifolici,  known  locally 
as  chauci,  or  the  "ink  plant,"  is  at  first  red,  but  rapidly 
changes  in  colour,  becoming  deep  black  in  a  few  hours. 

The  juice  can  be  used  as  ink  without  any  treatment,  and 
gives  a  very  stable  writing,  which  is  not  affected  by  sea- 
water.  Johnson  states  that  all  the  older  documents  in 
Spanish  South  America  were  written  with  this  ink. 

It  is  also  a  native  of  New  Zealand,  where  too  it  goes  by 
the  name  of  the  "ink  plant." :j: 
*  Loo.  cit.,  Introd.  p.  x. 

t  Universal  Cyclopcsdia,  New  York,  1894,  art.  I/ik. 
I  Smith,  Diet,  of  Ecojioniic  Plants,  p.  132. 


MARKING  INKS 


193 


The  Indian  Marking  Nut.— Tlie  fruit  of  the  Indian 

tree  Anacardium  orientale,  which  is  now  termed  Seme- 
carpus  anacardium  (Fig.  42),  has  long  been  known  as  the 
"  marking  nut,"  from  the  fact  that  its  juice  makes  a  very 
dark  and  durable  stain  on  linen  or  paper. 


Fig.  42.— Indian  marking  nut  iSemecarpus  anacardium). 

The  tree  is  found  throughout  the  hotter  parts  of  India, 
though  not  in  Ceylon,  and  is  also  met  with  in  the  West 
Indies  and  in  Northern  Australia.  The  ripe  fruit  is  yellow 
in  colour,  and  is  eaten  after  roasting  by  the  natives.  As 
met  with  in  commerce  it  is  a  black  oval  or  heart-shaped 
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substance,  about  2  cm.  in  length,  and  the  same  in  breadth, 
and  I  cm.  thick.  The  white  kernel  is  covered  by  a  reddish 
pellicle. 

The  natives  prepare  the  ink  from  the  unripe  fruit,  and 
use  it  when  mixed  with  quick  lime  for  marking  cotton  and 
linen,  on  which  it  produces  a  very  permanent  mark.* 
The  dried  juice  is  also  extensively  employed  in  the 
manufacture  of  a  black  varnish, 

Zewisf  found  that  the  juice  required  warming  to  make 
it  flow  freely.  The  writing  done  with  it  was  first  reddish 
brown,  but  rapidly  became  deep  black  and  was  very  in- 
delible. 

The  brown  oil  from  the  mesocarp  dissolves  in  potassium 
hydroxide  solution,  giving  a  green  solution,  whilst  the 
alcoholic  solution  becomes  black  on  the  addition  of  basic 
lead  acetate. 

The  juice  has  a  very  irritant  action  upon  the  skin, 
producing  symptoms  similar  to  eczema,  and  the  same 
effect  is  said  to  be  produced  by  the  fumes  given  off  on 
roasting  the  nut. 

We  have  made  a  number  of  experiments  with  the  dried 
nuts.  The  black  viscous  juice  surrounding  the  kernel  of 
these  had  a  characteristic  aromatic  odour  and  produced 
a  light  brown  stain,  which  gradually  darkened  on  exposure 
to  the  air. 

A  decoction  of  the  broken  nuts  in  boiling  water 
rendered  alkaline  with  ammonia  yielded  a  dark  fluid,  and 
the  characters  made  with  this  on  paper  or  linen  were 
dark  brown,  and  very  resistant  to  the  action  of  reagents. 
They  were  not  removed  by  bromine,  oxalic  acid,  or 
hydrochloric  acid,  whilst  alkalies  rendered  them  darker. 
They  were  soluble,  however,  in  ether. 

Kindt' sX  method  of  preparing  the  ink  was  to  extract 
the  nut  with  a  mixture  of  absolute  alcohol  and  sulphuric 
ether  to  evaporate  the  extract  to  the  required  consistency. 
The  writing  done  with  this  fluid  on  the  linen  was 
moistened  with  lime  water  or  an  alkaline  solution  to  turn 
it  black.  Kindt  found  that  it  was  capable  of  resisting 

*  <7^/iietof  =  a  mark,  and  /ca/3iros  =  fruit, 
t  PMlusopMco-Teehniciun,  1763,  p.  329. 
J  Dingier' s 2>olyt.  Journ.,  iSs9,  G^iy-  158- 
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boiling  with  hydrochloric  acid  and  potassium  chlorate, 
though  rendered  faint  by  the  treatment. 

The  Cashew  Nut. — This  is  the  fruit  of  another  member 
of  the  Anamrdiacem,  A.  occidentale,  a  tree  somewhat. 


^'^S-  43-  — Cashew  nut  (^Anacardium  occidentale). 

resembling  the  walnut  in  size  and  appearance  (Fig.  43). 
It  is  found  in  India,  the  West  Indies,  and  tropical  parts 
of  South  America. 

The  kidney-shaped  fruit  is  about  an  inch  in  length,  and 
projects  from  a  fleshy  pear-shaped  fruit-stalk.    The  milky 
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jnice  in  the  stem  of  the  tree  becomes  hard  and  black  on 
exposure  to  the  air,  and  is  used  locally  as  a  varnish.  ^ 

'Lcwig^  in  1763  found  that  the  dark  viscous  juice  withni 
the  nut  when  applied  to  cotton  or  linen  gave  a  brown 
stain,  which  was  very  permanent,  but  did  not  become 
black  upon  exposure  to  the  air. 

The  brown  oil  in  the  fruit  is  soluble  in  potassium 
hydroxide  solution.  On  treating  an  alcoholic  solution 
with  basic  lead  acetate  a  red  precipitate  is  obtained.  _ 

In  1847  Staedclcr  separated  a  vesicating  principle, 
which  he  termed  Cardol  (C^r^so^d;  and  a  reddish  yellow 
oil,  which  he  termed  Anacardic  acid.  _  _ 

Rhus  toxicodendron.— This  is  a  poisonous  plant,  origin- 
ally indigenous  to  N.  America,  where  it  was  known  as  the 
"  poison  tree  "  by  the  natives  of  Carolina,!  and  to  Japan, 
where  the  juice  has  long  been  used  as  a  varnish. f 

The  milky  juice  rapidly  darkens  on  exposure  to  the  air, 
and  has  frequently  been  recommended  as  an  indehble  ink, 
especially  for  marking  linen.  Thus  the  AIM  MazeasX 
stated  that  he  had  made  experiments  on  this  point,  and 
found  that  the  writing  still  remained  black  after  fiye 
years,  during  which  period  the  linen  was  repeatedly 

The  plant,  which  is  also  known  as  the  poison  ivy  and 
poison  oak,  grows  to  a  height  of  several  feet,  and 
produces  small  green  flowers  (Fig.  44)-  The  leaves  are 
employed  commercially  in  the  manufacture  of  a  black 
stain,  and  are  collected  for  this  purpose  from  May  to 
July,  whilst  the  plant  is  in  bloom.  The  juice  of  the  leaves 
will  raise  a  blister  on  the  skin  within  forty-eight  hours, 
and  even  the  vapours  given  off  by  the  living  plant, 
especially  by  night,  produce  vesicular  eruptions  on  the 
skins  of  certain  people  peculiarly  sensitive  to  its  effects. 
Forcher  found  that  the  acrimonious  vapours  emitted 
during  the  night  contained  hydrocarbons,  and  would 
io-nite  when  brought  into  contact  with  a  flame. 

Kluttd,  who  examined  the  constituents  of  the^  plant  m 
1858,  found  that  it  contained  an  "iron-greening"  tannm. 

*  loc.  cit. 

t  Miller,  Trans.  Roy.  Soc,  1755,  xlix.  161. 
J  loc.  cit.,  xlix.  157. 
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In  1865  Maisch  and  Stille*  isolated  a  volatile  substance 
which  reduced  silver  nitrate  solution  and  gave  a  white 
precipitate  with  lead  acetate,  and  a  white  precipitate, 
turning  black  on  heating,  with  mercurous  salts.  To  this 
substance  they  gave  the  uame  of  toxicodcndric  acid. 


Fig.  44. — RItns  toxicodendron. 

Their  results  were  confirmed  in  1883  by  Pcttigreiv,  who- 
also  found  that  the  acid  gave  a  red  colour  with  ferric 
salts. 

The  black  stain  produced  by  the  juice  of  B.  toxicodendron 

*  Kational  Dlapensatovy^  p.  1382. 
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cannot  be  removed  by  the  treatment  with  alcohol  or  soap 
and  water,  but  dissolves  in  ether. 

Rhus  Venenata. — This  is  a  shrub  which  grows  on 
marshy  ground  in  North  America,  where  it  is  popularly 
known  as  the  poison  sumach.  It  is  usually  from  lO  to 
1 5  feet  high,  but  sometimes  reaches  a  height  of  30  feet.  It 
has  a  dark  grey  bark,  and  produces  greenish-white 
flowers  and  berries. 

On  making  an  incision  in  the  bark  a  thick  white, 
opaque,  pungent  fluid  exudes,  which  on  exposure  to  the 
air  rapidly  becomes  black.  When  this  liquid  is  boiled 
with  water  the  volatile  constituents  are  expelled,  and  the 
residue  can  be  used  as  a  black  varnish,  similar  to  that 
prepared  from  the  Ehus  vernicia  of  Japan. 

The  poisonous  symptoms  caused  by  the  juice  are 
similar  to  those  produced  by  Rhus  toxicodendron,  but 
many  persons  are  quite  immune  to  its  effects,  whilst 
others  are  more  affected  by  its  emanations  than  by  those 
of  B.  toxicodendron. 

The  workmen  who  use  it  as  a  finishing  varnish  for  boots 
frequently  suffer  from  its  action.* 

Rhus  radicans  is  a  variety  of  B.  toxicodendron,  and  not 
a  separate  species.  It  produces  round  greenish-white 
berries,  and  its  juice  has  similar  properties. 

Other  Vegetable  Juices. —  Leivis  in  1763  made 
numerous  experiments  to  determine  the  permanency  of 
the  stains  produced  by  the  juices  of  diff'erent  plants.  He 
found  that  the  milky  juices  of  poppies,  dandelion,  hawk- 
w^eed  and  sowthistle  gave  brown  or  brownish-red 
characters,  but  that  these  were  readily  removable  on 
-washing  the  linen. 

The  colourless  juice  from  hop  stalks,  on  the  other  hand, 
gave  a  very  permanent  pale  reddish-brown  stain. 

Sloe  juice. — The  juice  from  sloes  used  by  itself  gave 
a  pale  brown  stain,  whilst  with  the  juice  used  in  conjunc- 
tion with  alkali  a  much  darker  stain  was  produced.  The 
fresh  juice,  on  baking,  became  red,  and  when  applied 
to  linen  gave  red  stains,  which  became  blue  on  contact 
with  soap.  These  characters  were  very  permanent,  and 
had  only  become  faint  after  long  continued  washing. 
*  Millspauch,  American  Medicinal  Plants^  p.  37. 
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Chemical  Marking  Inks. 

Silver  Inks. — Of  the  different  substances  that  have  been 
employed  as  marking  inks,  the  best  known  and  most  com- 
monly used  has  been  a  solution  of  a  silver  salt,  the  reduc- 
tion of  which  within  the  fibres  of  the  material  has  left  an 
insoluble  black  deposit  of  a  more  or  less  permanent  nature. 

The  earliest  inks  of  this  type  required  the  linen  to  be 
previously  treated  with  what  is  known  as  &  pounce  and  then 
dried,  but  these  have  been  entirely  superseded  by  inks 
which  are  reduced  by  passing  a  hot  iron  over  the  writing. 

An  ink  of  this  earlier  type  was  recommended  hyBeimann* 
as  late  as  the  year  1870.  It  contained  1.6  parts  of  silver 
nitrate,  2  parts  of  gum  arable,  ^  part  of  sap  green  in  16 
parts  of  water ;  whilst  the  pounce  consisted  of  2  parts  of 
crystalline  sodium  carbonate  and  2  parts  of  gum  in  8  parts 
of  water. 

A  similar  ink  intended  for  use  with  steel  pen^  was  also 
described  by  Reimann.  It  was  prepared  by  dissolving  2 
parts  of  silver  nitrate  and  2^  parts  of  gum  in  5  parts  of 
ammonia  solution  and  filtering  the  liquid,  a  little  magenta 
red  being  added  to  impart  a  temporary  colour.  The  pomice 
for  this  ink  contained  3  parts  of  sodium  carbonate  with 
2|  parts  of  gum  in  9  parts  of  water. 

Redwood! s  Marking  Ink. — This  was  prepared  by  adding 
a  solution  of  3 1  parts  of  silver  nitrate  in  water  to  a  solu- 
tion of  50  parts  of  sodium  carbonate  in  water,  collecting 
and  washing  the  precipitated  silver  carbonate,  triturating 
it  with  tartaric  acid  and  adding  sufficient  ammonia  solu- 
tion to  dissolve  the  silver  tartrate.  The  ink  was  then 
completed  by  the  addition  of  15  parts  of  archil  extract,  16 
parts  of  white  sugar,  and  50  parts  of  gum  arable.  With 
this  ink  no  previous  preparation  of  the  fabric  was  neces- 
sary, a  hot  iron  being  passed  over  the  writing  to  start  the 
reduction. 

Some  time  afterwards  Reade  (Eng.  Pat.,  No.  11,474; 
1846)  claimed  the  use  of  a  marking  ink  the  |)asis  of  which 
was  also  silver  tartrate.  This  was  prepared  by  rubbing 
together  in  a  mortar  equal  parts  of  tartaric  acid  and  silver 

*  Dingier' s ]]olyt.  Jouvn.,  1870,  cxcv.  283. 
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nitrate,  tlien  adding  water,  and  finally  neutralising  the 
liquid  with  ammonia.  In  this  process  the  somewhat  tedious 
operation  of  washing  the  silver  carbonate,  as  in  Iledtvood's 
pi'ocess,  was  dispensed  with. 

Claim  was  also  made  for  the  addition  to  this  ink  of  an 
ammoniacal  solution  of  a  gold  salt,  so  as  to  render  the 
writing  proof  against  the  action  of  solvents  for  silver  salts. 

Dieterich  (1897)  recommends  a  solution  of  25  parts  of 
silver  nitrate  and  1 5  of  gum  in  60  parts  of  ammonia  solu- 
tion, with  the  subsequent  addition  of  2  parts  of  lamp-black 
or  indigo  as  a  temporary  colouring-matter. 

The  ink  is  used  with  a  quill  pen,  and  the  writing  is  fixed 
by  passing  a  hot  iron  over  it.  By  increasing  the  amount 
of  gum  to  25  parts,  a  rubber  stamp  can  be  used  with  the 
ink. 

Soubeiran's  Marking  Ink  *  consisted  of  8  parts  of  silver 
nitrate,  4  parts  of  sodium  carbonate,' and  3  parts  of  copper 
nitrate,  in  lOO  parts  of  ammonia  solution. 

Bufton  (Eng.  Pat.,  No.  738  ;  1856,  Prov.)  claimed  the 
addition  of  platinum  chloride  to  a  silver  marking  ink, 
with  the  object  of  rendering  the  characters  more  per- 
manent. 

Kindt's  Marking  Ink]  consists  of  1 1  parts  of  silver  nitrate 
dissolved  in  22  parts  of  ammonia  solution  and  mixed  with 
a  solution  of  22  parts  of  sodium  carbonate  in  12  parts  of 
water.  The  ink  is  then  thickened  by  the  addition  of  50 
parts  of  gum  and  coloured  with  2  parts  of  sap  green.  Marks 
made  with  this  ink  on  linen  gradually  darken  on  exposure 
to  light,  but  the  process  of  reduction  is  accelerated  by 
heat. 

Silver.  Chloride  Marking  Ink. — The  linen  fabric  is  first 
prepared  with  a  20  per  cent,  solution  of  sodium  chloride, 
to  which  has  been  added  50  per  cent,  of  gum  arable.  The 
ink  is  prepared  by  dissolving  i  part  of  silver  nitrate  and 
2  parts  of  gum  in  10  parts  of  water,  and  adding  a  little 
indigo  carmine  as  temporary  colouring-matter.  The  silver 
nitrate  in  the  ink  reacts  with  the  sodium  chloride  in  the 
prepared  linen,  forming  silver  chloride,  which  is  reduced 
on  exposure  to  sunlight. 

*  Dingier' s  pohjt.  Journ..  1848,  cviii.  157. 
f  Ihi'd.,  1859,  cliii.  393. 


MAEKING  INKS 


201 


K'uhr''s  Marldng  Ink.* — Very  black  characters  are  pro- 
duced by  an  ink  consisting  of  i  part  of  silver  nitrate  and 
6  parts  of  gum  arabic  in  6  parts  of  water,  on  linen  pre- 
viously prepared  with  a  solution  of  i  part  of  sodium  hypo- 
sulphite and  2  parts  of  gum  in  i6  parts  of  water. 

Gold  Marking  Inks. — One  of  the  best  known  gold  inks 
is  based  on  the  formation  of  what  is  known  as  the  'puriplG 
of  Cassius.  The  linen  is  prepared  by  treatment  with  a  i 
per  cent,  solution  of  stannous  chloride  containing  lO  per 
cent,  of  gum,  whilst  the  ink  consists  of  a  i  per  cent,  solu- 
tion of  the  double  chloride  of  gold  and  sodium,  to  which 
also  has  been  added  lo  per  cent,  of  gum. 

If  the  fabric  be  prepared  with  a  20  per  cent,  solution  of 
oxalic  acid  containing  40  per  cent,  of  gum,  instead  of  with 
the  tin  solution,  the  gold  writing  has  a  metallic  lustre  after 
being  ironed  and  washed. 

Gold  marking  ink  is  more  permanent  than  silver  ink, 
and  its  addition  to  the  latter  was  patented  by  Keade 
(supi'a). 

Platinum  Marking  Inks. — These  are  prepared  in  two 
solutions  like  the  gold  ink.  The  fabric  is  hrst  treated  with 
a  mordant  containing  30  parts  of  oxalic  acid  and  30  parts 
of  gum  in  100  of  water  and  dried.  The  ink,  which  consists 
of  I  part  of  platinum  chloride  and  2  parts  of  gum  in  10 
parts  of  water,  produces  red  marks  on  the  prepared  linen, 
which  should  be  well  washed  as  soon  as  the  writing  is  dark 
enough. 

A  purple  platinum  marking  ink  described  by  Rcimann 
(loc.  cit.)  contains  i  part  of  platinum  chloride  in  16  parts 
of  water.  The  linen  is  first  prepared  with  a  solution  of  3 
parts  of  sodium  carbonate  and  3  parts  of  gum  in  12  parts 
of  water  and  dried.  After  the  letters  have  been  written 
on  this  prepared  surface  and  have  dried,  the  place  is 
moistened  with  a  solution  of  i  part  of  tin  chloride  in  4. 
parts  of  water,  which  changes  the  writing  to  reddish 
purple. 

Marking  Inks  containing  other  Metals. — In  addition 
to  platinum  and  gold  salts,  which  have  been  used  either 
alone  or  in  conjunction  with  silver  salts  as  constituents  of 

*  Dingler''s  polyt.  Journ.,  1867,  clxxxv.  326. 
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marking  inks,  and  which  are  obviously  too  expensive  for 
general  use,  numerous  other  metallic  compounds  have  been 
employed  for  the  same  purpose.  Thus  in  1878  Hicldsson 
{Eng.  Pat.,  No.  5122)  protected  an  ink  containing  a  salt  of 
vanadium  with  an  oxidising  agent  composed  of  metals 
or  salts  preferably  those  of  nickel  and  copper,  to  act  as 
mordants. 

Sachs  (Eng.  Pat.,  No.  1838  ;  1880)  has  produced  solu- 
tions which  he  claims  to  be  good  marking  inks,  by  the 
action  of  polysulphides  of  heavy  metals,  such  as  those  of 
iron,  zinc,  or  copper,  on  organic  substances,  such  as  non- 
volatile fats  or  sawdust,  in  the  presence  of  a  suitable 
metallic  hydroxide  or  sulphide,  e.g.,  sodium  hydroxide  or 
sodium  sulphide. 

Marking  inks  of  various  colours  were  pi'otected  by  Lang- 
heck  (Eng.  Pat.,  No.  5946;  1882).  These  consisted  of  pig- 
ments, such  as  gas-black,  vermilion,  ultramarine,  cadmium 
yellow,  and  emerald  green,  mixed  with  a  suitable  propor- 
tion of  albumin,  and  incorporated  with  a  liquid  base  com- 
posed of  salicylic  acid,  turpentine  oil,  spirits  of  wine, 
glycerin,  and  water  in  approximately  specified  proportions. 

In  a  subsequent  patent  (No.  751 ;  1883)  taken  out  by 
Hicldsson  and  Langhcch,  the  basis  of  the  ink  made  from 
these  pigments  was  a  solution  of  india-rubber  in  carbon 
bisulphide,  a  little  essential  oil  being  added  to  prevent  too 
rapid  evaporation.  The  fabric  was  heated  after  marking. 
In  yet  another  method,  protected  by  the  same  patentees 
(No.  752 ;  1883),  the  mixture  of  pigments  and  albumin  was 
added  to  a  base  consisting  of  5  to  8  grains  of  arsenic  pent- 
oxide,  10  grains  of  turpentine  oil,  6  drachms  of  glycerin, 
and  T  oz.  of  water. 

Dimitrys  Bichromate  Marking  /wZ;(Eng.  Pat.,  No.  648; 
1888)  consists  of  a  soluble  colouring-matter  mixed  with 
gelatin  and  potassium  bichromate,  this  last  constituent 
being  reduced  on  exposing  the  writing  to  the  action  of 
sunlight. 

Molyhdic  Marking  Ink. — An  ink  was  recommended  by 
Boder*  in  1856  as  adhering  well  to  the  linen,  and  resisting 
the  action  of  both  acids  and  alkalies.    It  was  prepared  by 

*  Dingier^ s  jjolyt.  Journ,,  1856,  cxli.  159. 
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dissolving  5  parts  of  molybdic  oxide  in  sufficient  hydro- 
chloric acid,  and  adding  6  parts  of  gum  arabic  and  2  parts 
of  sweetwood  extract  (Lackritzc)  in  30  parts  of  water. 
When  the  writing  was  dry  the  linen  was  treated  with  a 
solution  of  tin  chloride. 

Copper  Marking  Inks. — The  precipitate  obtained  on 
treating  a  solution  of  copper  chloride  with  potassium  hy- 
droxide is  dissolved  in  as  little  ammonia  solution  as  possible, 
and  a  little  dextrin  or  gum  added  as  a  thickening  agent. 
The  writing  done  with  this  ink  becomes  black  when  a  hot 
iron  is  passed  over  it. 

Scoffern  (Eng.  Pat.,  No.  1744  ;  1859)  protected  a  process 
of  making  an  ink  for  marking  cloth,  paper,  &c.,  by  immers- 
ing organic  fibrous  material,  such  as  silk,  in  ammonia 
solution  containing  copper,  and  admitting  air  through  a 
small  opening  from  time  to  time.  The  solution  of  silk  in 
this  "  copperised  ammonia  "  was  described  by  the  inventor 
as  a  "  lustrous  black  ink." 

A  Blue  Indelible  Ink  recently  described  *  consists  of  a 
mixture  of  a  silver  and  a  copper  marking  ink.  («)  Silver 
nitrate  10  parts  in  30  parts  of  ammonia  solution,  (h) 
Sodium  carbonate  10  parts,  gum  arabic  15  parts,  and  copper 
sulphate  5  parts  in  40  parts  of  water.  The  two  parts  («) 
and  (6)  are  mixed  together. 

Manganese  Marking  Ink—Beimann  (Joe.  cit.)  recom- 
mends the  following  as  a  cheap  brown  marking  ink.  The 
linen  is  first  prepared  by  treatment  with  a  solution  of  i 
part  of  a  ferrocyanide  and  |  part  of  gum  in  3  parts  of  water 
and  dried.  The  writing  is  then  done  with  a  solution  of  4 
parts  of  manganous  acetate  in  12  parts  of  water,  and  the 
linen  finally  treated  with  a  solution  of  4  parts  of  potassium 
hydroxide  in  10  parts  of  water. 

This  causes  the  separation  of  manganese  hydroxide, 
which  is  gradually  oxidised,  forming  a  dark  brown  manga- 
nese oxide. 

This  process  is  manifestly  too  complicated  for  ordinary 
use,  and  the  treatment  of  the  linen  with  strong  caustic 
alkali  solution  must  have  an  injurious  effect  upon  the  fibres. 

Aniline  Marking  Inks. — An  ink  in  one  solution  is 
obtained  by  thoroughly  mixing  2  parts  of  aniline  black  in 
*  Scient.  Amer.  Supjd.,  June  31,  1902. 
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40  parts  of  strong  alcohol  (95  per  cent.)  containing  2  parts 
of  hydrochloric  acid,  and  adding  a  solution  of  3  parts  of 
shellac  in  150  parts  of  the  strong  alcohol.  The  writing 
done  with  this  ink  is  not  removed  by  water,  but  is  not  very 
resistant  to  the  action  of  alkalies. 

JacoUen's  Aniline  Ink* — This  ink  depends  on  the  for- 
mation of  aniline  black  within  the  fibres. 

It  consists  of  two  solutions,  which  are  kept  separate 
until  just  before  use  : 

(«)  Cojyper  Solution. — Copper  chloride,  8.52  grms. : 
sodium  chlorate,  10.65  gi*nis.  ;  and  ammonium  chloride, 
3.35  grms.,  in  60  c.c.  of  water. 

^  (h)  Aniline  Solution. — Aniline  hydrochloride,  20  grms., 
dissolved  in  30  c.c.  of  water,  and  mixed  with  20  grms.  of 
a  solution  of  gum  arabic  (1:2)  and  i  grm.  of  glj^cerin. 

For  use,  i  part  of  («)  is  mixed  with  4  parts  of  (&).  The 
writing  on  linen  first  appears  green,  and  then  gradually 
becomes  black  on  exposure  to  the  air.  The  change  takes 
place  at  once  on  heating  the  fabric,  but  it  is  advisable  to 
hold  it  over  steam,  since  dry  heat  tends  to  render  the 
niarked  places  brittle.  Finally  the  place  should  be  washed 
in  soapy  water,  which  renders  the  writing  blue-black. 
Marking  properly  done  with  this  ink  resists  the  action  of 
acids  and  alkalies,  and  can  be  frequentl}^  washed  without 
being  rendered  much  fainter. 

Indigotin  Marking  Inks. — The  so-called  indigo  blue 
when  pure  is  known  in  chemistry  as  indigotin  (C^gHjoN.Pg)- 
When  this  is  treated  with  a  reducing  agent  it  is  converted 
into  a  colourless  compound,  indigo  vMtc  (C^gH^gNgOo), 
which  is  readily  soluble  in  solutions  of  alkalies,  and"  has 
only  to  be  exposed  to  the  air  to  be  gradually  oxidised  again 
into  the  insoluble  blue  compound. 

An  indigo  marking  ink  based  on  this  reaction  is  prepared 
by  treating  a  mixture  of  20  parts  of  indigo  blue  powder 
and  40  parts  of  ferrous  sulphate  with  a  solution  of  40  parts 
of  sodium  hydroxide  in  200  parts  of  water.  The  whole  is 
then  left  for  several  days  in  a  well-corked  bottle,  which  is 
shaken  from  time  to  time  until  the  reduction  is  complete, 
and  all  sign  of  blue  has  disappeared.  The  liquid  is  then 
decanted,  and  20  parts  of  gum  arabic  added  to  i  part 
*  Blnrjler's  polyt.  Journ.,  1867,  clxxxiii.  78. 


MARKING  INKS 


205 


of  a  saturated  solution  of  litmus  to  form  the  provisional 
colouring-matter.  The  writing  done  with  this  ink  is  soon 
oxidised  by  the  atmospheric  oxygen,  and  eventually 
becomes  deep  blue.  The  same  oxidation  gradually  takes 
place  in  the  ink,  with  the  formation  of  a  blue  deposit  in 
the  bottle. 

A  marking  ink  patented  by  JbA.wsow  (Eng.  Pat.,  No.  1771  ; 
1880)  is  based  on  the  synthetical  formation  of  indigo  blue 
within  the  fibres  of  the  fabric.  The  material  is  treated 
with  a  solution  containing  ortho-nitro-phenyl-propiolic 
acid,  a  reducing  agent  such  as  glucose,  and  a  fixed  caustic 
or  carbonated  alkali.  The  writing  is  developed  by  the 
action  of  steam,  which  produces  a  blue  colour,  or  by  dry 
heat,  which  makes  it  black. 

Alizarine  Marking  Ink. — A  red  marking  ink,  containing 
the  pigment  of  madder  (alizarine)  as  its  basis,  was  patented 
by  Mdllcr  in  1864  (Eng.  Pat.,  No.  25 11).  The  linen  was 
first  prepared  by  treatment  with  a  solution  of  alum,  and 
the  marking  done  with  an  ink  composed  of  an  alcoholic 
extract  of  madder  mixed  with  an  alkali  salt,  gum,  and 
vermilion. 

Examination  of  Marking  Inks. — The  chief  essentials 
of  a  good  marking  ink  are  :  (i)  It  shall  not  injure  the  fibres 
of  the  fabric ;  (2)  it  shall  not  be  too  viscous  to  flow 
smoothly  from  the  pen,  and  yet  not  so  fluid  as  to  "  run  " 
when  applied  to  the  linen ;  (3)  it  shall  produce  characters 
which  rapidly  darken  when  treated  with  a  moderately  hot 
iron  or  otherwise  ;  (4)  the  characters  shall  not  fade  when 
repeatedly  washed  with  soap  and  water,  and  shall  resist 
the  action  of  acids,  alkalies,  and  bleaching-powder. 

The  composition  of  an  ink  is  of  subsidiary  importance 
as  compared  with  the  results  of  practical  tests.  It  is  best 
to  make  characters  both  on  linen  and  fine  fabric,  and  to 
follow  the  manufacturer's  directions  for  the  subsequent 
treatment  of  the  material. 

Marking  Ink  Pencils. — The  earliest  pencils  intended 
for  marking  linen  contained  a  silver  salt  incorporated  with 
a  suitable  basic  material  and  a  provisional  colouring-matter. 
InDuim's  patent  (Eng.  Pat.,  No.  2316  ;  1858)  plumbago  is 
mentioned  as  a  suitable  substance  to  be  mixed  with  the 
silver  salts. 
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A  similar  pencil  was  patented  \yj  Schroll  (Eng.  Pat.,  No. 
379;  1877).  "^^is  composed  of  a  suitable  clay  earth 
mixed  with  silver  nitrate  or  other  soluble  silver  salt,  and 
plumbago  freed  from  impurities  that  would  cause  reduction 
in  the  silver  salt. 

In  1878  Hichisson  (Eng.  Pat.,  No.  5122)  adapted  his 
vanadium  marking  ink  (supra)  to  the  preparation  of  mark- 
ing ink  pencils,  gum,  gelatin,  dextrin,  clay,  or  other  suitable 
substance  being  added,  and  the  mass  moulded  into  the 
required  shape. 

Marking  pencils  giving  different  coloured  characters 
were  prepared  by  Hichisson  and  Langhcck  (Eng.  Pat.,  No. 
752,  1883)  from  the  marking  inks  containing  a  suitable 
pigment  and  albumin  in  a  liquid  base  of  arsenic  pentoxide, 
turpentine  oil,  glycerin,  and  water. 

A  silver  pencil  also  patented  by  Hichisson  (Eng.  Pat.,  No. 
9149;  1884)  has  a  marking-point  which  may  consist 
of  silver  nitrate  and  potassium  nitrate,  or  in  some  cases 
ammonium  carbonate,  fused  with  gum,  whilst  the  other  end 
of  the  pencil  contains  a  mordant  composed  of,  e.g.,  borax, 
wax,  and  pyrogallol,  which  is  applied  to  the  writing  to  fix 
it.  In  a  subsequent  patent  (Eng.  Pat.,  No.  15,961;  1884), 
claim  is  made  for  separate  pencils  containing  only  the  mor- 
dant. Aniline  dye-stuffs  soluble  in  oil,  claimed  by  Hichis- 
son (suprct)  are  also  made  tlje  colouring  material  in  marking 
pencils.  For  this  purpose  they  are  incorporated  with 
suitable  ingredients,  such  as  gum  tragacanth,  kaolin,  and 
borax,  into  a  solid  mass.  The  linen  fabric  is  damped  with 
a  suitable  oil,  such  as  castor  oil,  and  the  writing  finally 
heated. 

In  our  experience  with  certain  marking  ink  pencils  of 
foreign  origin  containing  aniline  dye-stuffs,  the  writing  is 
of  a  very  fugitive  character. 


CHAPTER  XIV. 


SAFETY  INKS  AND  PAPEKS. 

Contents. — Various  safety  inks— Resinous  inks— Traill's 
carbon  gluten  inlt — Soluble  glass  ink — Other  carbon  inks — 
Safety  papers  with  special  inks — Patent  permanent 
inks — Patent  safety  papers. 

The  term  "  safety  "  has  been  frequently  applied  to  inks 
which  are  supposed  to  resist  the  action  of  all  chemical 
agents  not  sufficiently  powerful  to  destroy  the  paper  or 
parchment  itself.  The  importance  of  such  an  ink  in  the 
case  of  historical  records  or  legal  documents,  &c.,  is  obviouSj 
and  numerous  experiments  have  been  made  to  discover  the 
best  fluid  for  the  purpose. 

It  has  already  been  noted  in  the  introduction  that  iron 
gall  inks  may,  under  favourable  conditions,  almost  equal 
carbon  inks  in  defjang  the  ravages  of  time,  although  many 
instances  can  be  cited  where  inks  of  the  same  character 
have  prematurely  faded.  It  may  be  pointed  out  in  con- 
nection with  this  imperfection  that  chlorine  is  used,  as  a 
bleaching  agent  in  paper  manufacture,  and  although 
"antichlor"  (sodium  thiosulphate)  is  used  to  remove  free 
chlorine,  cases  may  occur  in  which  a  trace  of  the  chlorine 
is  left,  and  would  then  have  an  effect  upon  an  iron  ink. 

Various  Safety  Inks. — Several  of  the  earlier  formulse 
for  producing  permanent  writing  fluids  have  already  been 
described  in  chap,  i.,  in  the  section  dealing  with  carbon 
inks,  p.  34. 

Inks  recommended  hy  French  Commission. — In  1831  a 
Commission  appointed  by  the  Paris  Academie  des  Sciences^ 
and  including  such  eminent  chemists  as  Gay-Lussac  and 
Chevreul,  made  a  critical  examination  of  all  the  inks  that 
had  been  proposed  up  to  that  time  for  the  prevention  of 
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the  falsification  of  writing,  aisd  concluded  that  prior  to 
1826  none  was  satisfactory.  They  were  either  too  thick, 
or  attacked  the  paper,  or  yielded  a  deposit  too  readily.  Of 
the  different  inks  submitted,  the  Commission  recommended 
the  two  following : 

i.  Indian  ink  (4  to  5  grms.)  mixed  with  1000  grms,  of 
dilute  hydrochloric  acid  (2.010  sp.  gr.).  This  ink  flowed 
well  and  had  good  penetrating  power,  whilst  the  acid  did 
not  injure  the  paper. 

ii.  A  solution  of  manganese  acetate  (sp.  gr.  1.074).  With 
a  ninth  of  its  volume  of  acetic  acid  (100  parts  neutralising 
160  of  sodium  carbonate),  thoroughly  incorporated  with 
Indian  ink.  The  writing  was  then  fixed  and  rendered 
indelible  by  holding  it  over  ammonia  vapour. 

The  advantage  of  this  ink  over  the  preceding  one  is  that 
the  paper  will  not  contain  free  acid. 

We  have  prepared  carbon  inks  from  these  formulas,  and 
find  that  the  writing  resists  the  action  of  water,  acids,  and 
bleaching  agents.  In  the  case  of  the  first  ink,  however, 
we  find  the  quantity  of  Indian  ink  mentioned  quite  insuf- 
ficient. We  used  the  finest  that  we  could  obtain,  and  had 
to  add  at  least  six  times  as  much  in  order  to  obtain  cha- 
racters of  sufficient  blackness.  After  the  treatment  with 
ammonia  vapour  the  writing  becomes  much  greyer. 

MacCiilloch  *  used  a  solution  of  potash  and  wood  tar, 
whilst  Thomson^  mixed  lamp-black  with  a  solution  of 
shellac  and  borax. 

Resinous  Inks. — This  last  ink  is  very  much  on  the  lines 
of  that  described  hj  Dcsmarcst,X  viz.,  shellac,  15;  borax, 
8;  gum  arable,  8;  lamp-black,  10 ;  and  water,  130  parts. 

The  powdered  shellac  and  borax  are  boiled  with  the 
water,  and  the  solution  mixed  with  the  powdered  gum  and 
lamp-black,  and  eventually  decanted  from  the  heavier 
particles. 

In  1837  H.  Stephens  and  E.  Nash  patented  (Eng.  Pat., 
No.  7342)  the  addition  of  carbonaceous  matter  to  saline  or 
alkaline  solutions  of  resinous  substances  to  form  compounds 
not  attacked  by  ordinary  chemical  agents  {vide  infra). 

*  Ann.  de  Chim.  et  Phys.,  1831,  xlviii.  5. 
t  Ibid. 

j  Les  Encre^  et  Ciniges,  1895,  p.  141.  ... 


SAFETY  INKS  AND  PAPERS  209- 


An  ink  of  this  character  is  prepared  by  boiling  lo  parts 
of  ordinary  rosin  and  lo  parts  of  sodium,  potassium,  or 
ammonium  carbonate,  either  alone  or,  preferably,  mixed 
in  equal  proportions,  with  lOO  parts  of  water,  and  adding 
a  mixture  of  4  parts  of  powdered  gum,  and  2  parts  of 
lamp-black, 

Traill's  Carbon  Gluten  Ink,*— This  consisted  of  lamp- 
black and  indigo  incorporated  with  an  acetic  acid  solution 
of  the  gluten  of  wheat  flour.  The  gluten  was  prepared  by 
kneading  the  flour  in  a  current  of  water  until  the  starch 
has  been  separated.  After  twenty-four  to  thirty-six  hours 
in  the  water  it  was  digested  with  acetic  acid  (sp.  gr.  1.033 
to  1.034)  in  the  proportion  of  20  to  3  of  gluten.  The  grey 
liquid  eventually  obtained  with  the  aid  of  gentle  heat  was 
then  used  as  the  medium  for  the  pigment,  which  consisted 
of  about  2  per  cent,  of  purified  lamp-black,  and  about  |- 
per  cent,  of  indigo. 

An  ink  attributed  to  HcrUrgcr  is  essentially  identical 
with  that  devised  by  Traill. 

Traill  states  that  his  ink  was  at  once  adopted  (1840)  by 
the  National  Bank  of  Scotland,  which  had  recently  been 
the  victim  of  numerous  forgeries,  in  which  the  ink  on  bills, 
&c,,  had  been  erased  and  other  figures  substituted.  As  a 
matter  of  interest  we  made  inquiries  from  the  present 
authorities  of  that  bank  in  Edinburgh,  who  have  kindly 
informed  us  that  they  have  no  record  of  any  other  ink  than 
ordinary  iron  gall  ink  having  been  used  by  them.  It  is 
not  improbable  that  the  use  of  Traill's  carbon  ink  was  dis- 
carded on  the  introduction  of  cheques  printed  with  special 
inks,  which  Avould  change  colour  if  any  chemical  were  used 
to  remove  the  writing. 

Baudximont's  Soluble  Glass  Ink.f — This  is  an  inti- 
mate mixture  of  soluble  glass  (sodium  silicate)  with  10 
per  cent,  of  lamp-black.  The  siUca,  on  separating  from 
the  ink  during  the  drying,  encloses  particles  of  carbon, 
thus  rendering  the  characters  permanent.  It  is  advan- 
tageous to  remove  the  sodium  carbonate  formed  by  the 
action  of  the  carbon  dioxide  in  the  air  upon  the  sodium 

*  Trans.  Roy.  Soc.  Udin.,  1840,  xiv.  426. 
t  Desmarest,  Les  Encres  et  Cirages,  p.  144. 
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oxide  by  first  treating  the  written  paper  with  dilute  acetic 
acid,  and  then  thoroughly  washing  it  with  water. 

We  have  found  that  the  ink  thus  prepared  from  com- 
mercial sodium  silicate  is  much  too  thick  for  use,  and 
requires  to  be  suitably  diluted  with  water.  Ink  having  a 
specific  gravity  of  1.270  flows  freely  from  the  pen  and 
gives  very  black  writing.  When  the  dried  characters  are 
treated  with  water  the  surface  ink  is  readily  washed  off, 
but  there  still  remains  a  greyish  writing  within  the  fibres 
of  the  paper,  and  this  is  not  removed  by  leaving  it  in 
water  for  twenty- four  hours.  If  the  writing  be  left  for 
twelve  hours  before  immersion  in  water  much  less  of  the 
pigment  is  removed.  The  ink  can  be  blotted  immediately 
after  writing  without  rendering  it  too  pale.  It  is  not 
affected  by  acids,  alkalies,  or  chlorine. 

Other  Carbon  Inks. — Numerous  other  formulae  have 
been  given  for  the  preparation  of  inks  of  this  character, 
but  most  of  them  are  only  later  modifications  of  those 
described  above.  Thus,  a  weak  solution  of  sodium 
hydroxide  is  used  instead  of  hydrochloric  acid  as  a 
medium  for  Indian  ink  (Bezanger)  ;  and  another  ink  con- 
sists of  lamp-black  and  gum  arable  incorporated  with  a 
dilute  solution  of  oxalic  acid. 

This  latter  ink  has  not  much  penetrating  power,  and  the 
writing  can  be  removed  from  the  paper  by  careful  washing 
with  water. 

Whitfield  (Eng.  Pat.,  No.  7474 ;  1837)  prepared  lamp- 
black from  a  mixture  of  linseed  oil,  Venice  turpentine, 
and  other  organic  substances,  by  firing  the  mass  with  a 
hot  iron,  and  collecting  the  soot  in  an  inverted  cone,  i  lb. 
of  this  lamp-black  was  mixed  with  i  quart  of  vinegar 
2  galls,  of  hot  water,  ^  lb.  of  gum,  and  \  lb.  of  shellac, 
and  the  whole  boiled  for  ten  minutes.  Powdered  galls 
(i  lb.)  and  logwood  chips  (2  lbs.)  were  then  introduced, 
and  the  ink  stirred  until  cold,  and  exposed  for  three  weeks 
to  the  atmosphere  in  flat  pans. 

Safety  Papers  used  with  Special  Inks. — Traill  (loc. 
cit.),  in  the  course  of  his  experiments,  tested  the  per- 
manency of  the  writing  produced  by  different  solutions  of 
metaUic  salts  on  specially  prepared  papers.  Sheets  of 
unsized  paper  were  soaked  in  the  following  difierent 
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solutions,  and  then  dried  :  (i)  An  infusion  of  galls ;  (ii)  a 
solution  of  _  potassium  ferrocyanide;  (iii)  sodium  chloride 
solution  ;  (iv)  sodium  phosphate  solution  ;  (v)  potassium 
iodide  solution  ;  and  (vi)  potassium  bichromate  solution. 

i.  Characters  on  this  paper  made  with  iron  sulphate  or 
copper  sulphate  were  readily  removed  by  chlorine,  oxalic 
acid,  &c. 

ii.  Ferrocyanide  Paper.— Kniimony  chloride  solution 
gave  bright  blue  characters,  which  resisted  the  action  of 
chlorine,  but  were  effaced  by  ammonia.  Iron  sulphate 
gave  dark-blue  writing,  copper  sulphate  brown  characters, 
and  cobalt  nitrate  deep-brown  characters,  which  resisted 
the  action  of  alkalies,  but  were  bleached  by  chlorine. 

_  iii.  Sodium  Chloride  Paper.— The  characters  produced  by 
silver  nitrate  on  this  paper  were  removed  by  ammonia. 
^   IV.  Sodium  Phosphate  Paper.— AcetaXQ  of  lead  produced 
intense  yellow  characters. 

V.  Metallic  iodides  formed  in  the  paper  were  equally 
unreliable,  as  was  also  the  case  with  chromates. 

vi.  Metallic  sulphides,  whether  precipitated  in  the  paper 
or  added  m  the  form  of  coloured  compounds  (lead  sul- 
phide), to  ordinary  inks,  were  easily  bleached  by  chlorine. 

Indigo  sulphate  was  also  bleached  by  chlorine,  but 
when  added  to  an  ordinary  iron  gall  ink  increased  its 
stability. 

_  Antimony  and  Colalt  Salts  Mixed.— A  mixture  of  cobalt 
nitrate  and  antimony  chloride  ground  together  and  mixed 
with  gum  water  yielded  an  ink  which  gave  dark-brown  char- 
acters on  ferrocyanide  paper.  The  writing  was  weakened 
but  not  destroyed,  by  acid  or  alkali ;  but  when  soaked 
alternately  m  these  reagents  was  completely  effaced. 

Summarising  the  behaviour  of  different  reagents  on  the 
metallic  compounds  tried,  Traill  came  to  the  following 
conclusions  :  (i)  Chlorine  bleached  all  with  the  exception  of 
the  blue  precipitate  formed  on  adding  antimony  chloride 
to  potassium  ferrocj^anide.  (ii)  Oxalic  acid  completely 
bleached  gall  ink,  Prussian  blue,  lead  iodide,  mercury 
iodide,  lead  chromate,  and  indigo  sulphate,  though  the 
last  offered  more  resistance,  (iii)  Antimony  chloride 
weakened  or  destroyed  all  the  metalhc  characters  with 
the  exception  of  the  antimony  ink.   Indigo,  again,  offerf^d 
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considerable  resistance,  (iv)  Caustic  alkalies  destroyed  all 
with  the  exception  of  the  salt  formed  by  adding  cobalt 
nitrate  to  potassium  ferrocyanide.  •-, 

Patent  Permanent  Inks.— The  addition  of  finely  divided 
carbon  to  ordinary  writing  inks  has  been  claimed  m 
numerous  patents  ;  e.g.,  by  Scott  in  Eng.  Pat.,  No.  8770, 
of  1840,  who  added  gas-black,  indigo  and  Prussian  blue 
to  gall  and  logwood  ink.  In  Beade's  patent,  No.  11,474. 
of  1846,  the  use  of  Prussian  blue  was  also  claimed. 

An  indelible  ink  patented  by  Stephens  and  Nash  in  1837 
(Eng.  Pat.,  No.  7342)  was  prepared  by  distributing  the 
carbon  in  a  solution  of  a  resinous  soap ;  whilst  Melville 
(Eng.  Pat.  534;  i860)  claimed  an  ink  consisting  of  plum- 
bago, with  resin,  gum,  alum,  and  a  suitable  colouring- 
matter.    In  1 861  Stevens  (Eng.  Pat.  2972)  patented  an 
indelible  anti-corrosive  ink  which  consisted  of  solutions  ot 
aniline  dyes  mixed  with  finely  divided  carbon.    The  ink 
protected  by  Gaffard  (Eng.  Pat.,  No.  1839  ;  1874)  was  com- 
posed of  a  mixture  of  carbon  with  the  solution  ot  an 
alkali  silicate.  , 
A  mixture  of  sugar,  aniline  black,  and  soot  m  logwood 
extract  form  the  constituents  of  i^owseca's  patent  ink  (Eng. 
Pat.,  No.  859;  1883);  whilst  F"ass(Eng.Pat.,No.  9249; 
1885)  employs  carbonised  sugar  scum  as  the  source  ot  the 
carbon.    A  solution  of  soap  in  water  or  other  medium  is 
claimed  by  Lichtentag  (Eng.  Pat.,  No.  24,644;  1898)  as 
the  liquid  part  of  a  carbon  ink. 

Only  a  few  inks  of  this  class  not  containing  carbon  have 
been  patented.  Ellis  (Eng.  Pat.,  No.  2267  ;  1865)  claimed 
that  an  indelible  ink  was  produced  by  precipitating  col- 
ouring-matters by  means  of  silicic  acid,  and  dissolving  the 
precipitate  in  a  suitable  silicate  solution.  In  1891  Leech 
and  HarroUn  (Eng.  Pat.,  No.  161 6)  protected  a  writing 
fluid  consisting  of  turpentine,  asphalt,  resm,  alum,  bees- 
wax, and  colouring-matter. 

Aluminium  powder  with  a  protective  varnish  forms  the 
basis  of  Blancan's  indelible  ink  (Eng.  Pat.,  No.  7263  ; 

'^pltent  Safety  Papers.— One  of  the  earliest  so-called 
"safety"  papers  was  that  described  hj  Stevenson  {hng. 
Pat.,  No.  7313  ;  1837).    This  consisted  of  paper  impreg- 
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nated  with  a  solution  of  manganese  chloride  and  potassium 
f  errocyanide,  and  was  stated  to  be  stained  by  any  chemical 
that  would  remove  ink. 

Ballande's  safety  paper  was  impregnated  with  mercuric 
chloride,  or  a  salt  of  iron  or  copper,  whilst  the  ink  con- 
sisted of  a  solution  of  sodium  thiosulphate  with  alum,  or 
alkali  or  alkaline  salts,  or  of  other  salts  (e.g.^  iodides,  sulpho- 
cyanides,  &c.)  capable  of  forming  coloured  insoluble  com- 
pounds within  the  paper.  (Eng.  Pats.,  No.  86i,  1859; 
and  388,  i860). 

In  1864  Baildon  (Eng.  Pat.,  No.  2223)  claimed  the  use 
of  a  safety  paper  from  which  the  colour  was  discharged 
by  acid  in  the  special  ink  to  be  used.  A  patent  on  similar 
lines  (No.  6938)  was  published  by  Thacker  in  1895,  the 
paper  in  this  case  being  coated  with  colour,  which  was 
removed  as  soon  as  it  came  in  contact  with  the  ink. 

It  is  interesting  to  note  that  the  colour  of  ordinary  blue 
paper  such  as  is  used  for  official  and  commercial  purposes 
is  discharged  by  dilute  mineral  acid ;  and  we  have  good 
authority  for  stating  that  acid  was  actually  in  use  as  a 
white  ink  on  that  kind  of  paper  some  years  before  the 
date  of  Baildon's  patent. 
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SYMPATHETIC  INKS. 

Contents. — History— Various  sympathetic  inks — Patent 
sympathetic  inks. 

History. 

The  term  sympathetic  ink  is  applied  to  writing  fluids 
which  yield  characters  that  remain  invisible  until  heated 
or  treated  with  some  suitable  reagent.  Such  inks  appear 
to  have  been  known  in  the  early  days  of  the  Roman 
Empire,  for  Ovid  mentions  milk  as  a  suitable  liquid,  whilst 
Pliny  refers  to  the  juice  of  different  plants. 

The  earliest  known  chemical  sympathetic  inks  were  re- 
garded as  acting  by  magnetism.  Thus  Brossonius,  writing 
in  a  medical  treatise  in  the  early  part  of  the  seventeenth 
century,  describes  a  "  magnetic  fluid"  made  from  "arseni- 
ated  liver  of  sulphur,"  and  only  visible  when  looked  at  with 
"  eyes  of  aSection."  This  appears  to  have  been  nothing 
more  than  an  ink  of  lead  acetate,  the  characters  being 
rendered  visible  by  the  action  of  hydrogen  sulphide. 

Borel  *  also  describes  these  inks,  the  secret  of  which  he 
learnt  from  Brossonius,  as  aqiice  magnetice  e  longinquo 
agentes,  but  points  out  that  there  is  nothing  miraculous  in 
their  action.  They  are  also  alluded  to  by  Otto  Tachcn 
(1669),  who  denied  that  there  was  anything  magnetic  in 
their  action,  and  by  numerous  later  writers. 

The  name  sympathetic  appears  to  have  been  first  used  by 
Le  Mort  to  describe  the  lead  acetate  ink,  and  the  term  was 
subsequently  applied  to  all  secret  inks  of  the  same  kind. 

In  171 5  12;  discovered  the  use  of  solutions  of  cobalt 
salts  as  sympathetic  inks,  and  the  French  chemist  Hellot 
also  gave  a  description  of  them  a  few  years  later. 

*  Ilistoriarum  CenUiriae,  iv.  p.  no. 
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Various  Sympathetic  Inks. — The  change  in  the  colour 
of  characters  written  with  a  sohition  of  cobalt  chloride  is 
due  to  the  fact  that  the  pink  salt  loses  part  of  its  water  of 
crystallisation  when  heated  to  120°  0.,  forming  a  blue 
compound,  and  that  the  latter  on  exposure  to  the  air 
gradually  absorbs  water,  and  regains  the  pink  colour 
which  is  nearly  invisible  on  white  paper.  By  the  addition 
of  other  salts  to  the  cobalt  solution — e.g.,  nickel  sulphate — 
the  colour  of  the  heated  characters  is  modified. 

Cobalt  sulphocyanide  solutions  give  pale  red  writing, 
which  changes  to  blue  on  heating. 

The  following  table  gives  a  list  of  some  of  the  better 
known  substances  used  as  sympathetic  inks : 


Colour. 

luk. 

Mordant. 

Black  or  bi'own. 

Lead  acetate. 
Mercuric  chloride. 
Galls. 
Pyrogallol. 
Silver  salt. 

Hydrogen  sulphide, 
Stannous  chloride. 
Iron  sulphate. 
An  alkali. 
(Action  of  light). 

Blue. 

Starch. 
Cobalt  nitrate. 
Iron  sulphate. 

Iodine. 
Oxalic  acid. 
Potassium  ferrocyanide. 

Yellow. 

Copper  chloride. 
Basic  lead  acetate. 
Antimony  chloride. 

(Yellow  on  heating). 
Hydriodic  acid. 
Galls. 

Green. 

Cobalt  chloride  with  a 
nickel  salt. 
Potassium  arsenate. 

(Action  of  heat). 
Copper  nitrate. 

Purple. 

Gold  chloride. 

Stannous  chloride. 

Gold. 

Gold  sodium  chloride. 

Oxalic  acid  (10  per  cent.) 
On  treating  with  hot 
iron  metallic  lustre 
is  produced. 
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A  sympathetic  method  might  be  based  on  a  process 
familiar  to  photographers,  by  which  so-called  "  magic 
pictures"  have  been  produced.  A  photographic  print  on 
bromide  paper  after  being  bleached  in  a  solution  of 
mercuric  chloride  and  thus  rendered  invisible,  is  again 
made  apparent  by  being  placed  in  contact  with  blotting 
paper  moistened  with  a  solution  of  sodium  thiosulphate 
("hypo").  It  is  obvious  that  writing  executed  with  any 
suitable  developer  on  bromide  paper  would  appear  and 
disappear  under  similar  conditions. 

Another  method  is  suggested  by  the  fluorescence  of  a 
solution  of  a  quiuine  salt  under  ultra-violet  light,  or  of 
other  compounds  under  the  influence  of  radium,  X-rays, 
&c. 

Sympathetic  inks  have  frequently  been  put  to  an 
ingenious  and  perverted  use  by  sharpers  of  the  racecourse, 
two  of  whom  were  recently  convicted  of  this  kind  of 
fraud.  A  betting  paper  giving  the  names  of  horses,  &c., 
is  written  in  two  kinds  of  ink,  one  of  which  fades  away, 
whilst  the  other  gradually  appears.  The  disappearing 
ink  commonly  used  is  a  weak  solution  of  starch  tinged 
with  a  little  tincture  of  iodine,  and  writing  done  with 
this  soon  fades  away,  whether  exposed  to  the  light  or 
not. 

The  ink  used  for  the  invisible  writing  is  often  an 
ammoniacal  solution  of  silver  nitrate,  which  gradually 
darkens  under  the  influence  of  light.  Fugitive  dyes  have 
also  been  used  as  disappearing  inks,  such  as — e.g.,  quinoline 
blue  and  furfur-aniline,  the  solution  of  which  gives 
magenta  writing,  which  soon  fades  away  under  the  influ- 
ence of  sunlight. 

Patent  Sympathetic  Inks. — Although  sympathetic  inks 
are  usually  regarded  as  only  scientific  toys,  they  have  been 
applied  to  several  practical  purposes,  and  have  been  made 
the  subject  of  different  patents. 

In  the  Eng.  Pat.,  No.  2389  of  1877,  Kromer  describes 
a  process  for  detecting  any  tampering  with  envelopes, 
which  consists  of  separating  the  two  constituents  of  a 
sympathetic  ink  by  the  adhesive  gum,  so  that  should 
steam  be  applied  to  open  the  envelope  the  two  substances 
come  in  contact  and  form  an  ink,-  leaving  a  stain  upon 
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the  paper.  A  similar  device  was  patented  by  Pulforcl 
(Eng.  Pat.,  No.  15565  ;  1889). 

Claim  is  made  for  the  use  of  bichromate  solution  in  Eng. 
Pat.,  No.  3657  of  1881,  the  characters  being  made  visible 
by  the  action  of  light. 

Quelch  (Eng.  Pat.,  No.  7472;  1888)  has  protected  a 
method  of  writing  with  a  saturated  solution  of  potassium 
nitrate  on  a  non-glazed  surface,  a  part  of  the  writing  being 
afterwards  touched  with  a  red-hot  wire.  Papers  thus 
treated  are  sold  as  toys  for  children. 

A  sympathetic  ink  claimed  by  Himly  (Eng.  Pat.,  No. 
730;  1887)  consists  of  a  solution  of  platinum  magnesium 
cyanide  with  a  suitable  medium,  such  as  gum,  gelatin,  &c. 
When  exposed  to  damp  air  this  changes  to  pink,  the  colour 
disappearing  on  applying  heat. 

An  invisible  ink  claimed  by  Tschofen  (Eng.  Pat.,  No. 
2130;  1890)  consists  of  a  mixture  of  chalk  or  similar 
substance  with  water,  which  is  used  for  writing  on  a 
glazed  surface,  the  characters  being  subsequently  dusted 
over  with  graphite,  bronze  powder,  &c.,  to  render  them 
visible. 

Adams  (Eng.  Pat.,  No.  3459  ;  1896)  has  patented  the  use 
of  dilute  sulphuric  acid  (i  :  17)  as  an  invisible  ink,  the 
writing  being  rendered  permanently  visible  on  heating  the 
paper  so  as  to  bring  about  surface  carbonisation. 

Another  sympathetic  ink  which  only  becomes  visible  on 
heating  the  paper  is  described  by  Moller  in  Eng.  Pat.,  No. 
21,991  ;  1897.  It  consists  of  about  lOO  parts  of  alum  and 
100  parts  of  white  garlic  juice.  The  writing  is  rendered 
visible  by  heating  the  paper  and  cannot  be  removed  by 
water. 

In  Kretsclimann' s  patent  (No.  6727,  1899)  paper  is 
treated  with  a  solution  of  cobalt  chloride,  and  a  solution  of 
rock-salt  used  as  ink.  Ou  heating  the  paper  the  writing 
appears  in  pale  green  characters.  In  order  to  detect 
tampering  certain  signs  are  made  on  the  paper  with  a 
solution  of  resorcin  and  paratoluidine,  and  these  on  heating 
change  from  red  or  yellow  and  become  permanently  black 
or  brown.  In  a  subsequent  patent  (No.  7367  ;  1900) 
Krctschmann  has  claimed  a  process  of  treating  paper 
with  a  non-hygroscopic  salt  of  cobalt  (such  as  the  basic 
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carbonate),  and  writing  on  it  with  a  solution  of  salt  and  a 
substance  such  as  vinegar,  which  will  convert  the  salt  in 
the  paper  into  a  hygroscopic  salt. 

The  sympathetic  process  described  by  Bachem  (Eng.  Pat., 
No.  8976  ;  1899)  consists  of  the  use  of  two  substances,  such 
as  cobalt  chloride  and  magnesium  platino-cyanide,  in  two 
layers,  one  of  which  becomes  visible  on  heating,  whilst  the 
other  simultaneously  disappears. 


CHAPTER  XVI. 


INKS  FOE  MISCELLANEOUS  PUKPOSES. 

Contents.  — Ink  powders  and  tablets— Logwood  ink 
powders— Aniline  ink  powders— Patent  ink  powders  and  dried 
inks— Stencil  inks— Show  card  ink- Inks  for  rubber 
stamps— Inks  for  writing  on  glass— Hydrofluoric  inks 
— Kesin  inks — Foertsch's  pencil  for  glass — Inks  for  writing 
on  metals— Ink  for  writing  on  leather — Ink  for  ivory- 
surfaces— Ink  for  writing  on  wood— Fireproof  inks. 

Ink  Powdees  and  Tablets. 

The  earliest  methods  of  preparing  a  powder  which  would 
yield  an  ink  on  the  addition  of  water  consisted  of  mixing 
together  the  finely-powdered  ingredients  of  the  ink.  Thus 
Canneparius  *  in  1660  describes  an  ink  powder  containing 
equal  parts  of  finely  powdered  galls  and  ferrous  sulphate, 
with  a  sufficient  quantity  of  gum  and  shellac.  Obviously, 
ink  thus  prepared  would  be  very  pale  and  of  poor  quality. 

A  later  method  was  to  evaporate  a  good  iron  gall  ink 
to  dryness,  and  to  mix  the  powdered  residue  with  water  as 
required.  The  disadvantage  of  this  process  is  that  the 
pigment  is  rendered  insoluble  by  the  evaporation,  and  that 
the  ink  prepared  again  from  the  powder  contains  particles 
suspended  in  water  instead  of  being  in  solution.  This 
objection  also  applies  to  Zeonhardi's  f  ink  tablets,  which 
were  prepared  in  a  similar  fashion. 

Dietcrich  uses  his  oxidised  tannin  extract  (p.  96)  as 
the  basis  of  portable  gall  ink  powders. 

Logwood  Ink  Powders. — An  old  Austrian  patent  taken 
out  by  Platzerl  claimed  the  use  of  a  powdered  ink,  con- 

*  Be  Atramentis,  1660,  p.  273. 

t  Bingler's polyt.  Journ.,  1856,  cxlii.  446. 

X  Ibid.,  1859,  cliv.  158. 
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sisting  of  lOO  parts  of  logwood  extract  with  i  part  of 
potassium  bichromate  and  lO  parts  of  sodium  sulphindigo- 
tate. 

Gooley  (Eng.  Pat.,  No.  io6  ;  1867)  made  claim  foi'  ink 
powders  yielding  ink  of  different  shades  and  containing 
logwood  extract  or  hsematoxylin  with  various  salts.  Thus 
powdered  logwood  extract  with  potassium  chromate  and 
bichromate  yields  an  ink  of  different  shades  of  brown, 
whilst  by  adding  potassium  carbonate  to  the  chromate  a 
rich  blue-black  ink  is  produced,  the  colour  being  further 
modified  by  the  addition  of  alum.  The  use  of  copper 
acetate  in  place  of  alum  gives  a  blue-black  shade  ;  whilst  by 
using  tin  chloride,  chrome  alum  or  manganese  sulphate  in 
place  of  potassium  chromate  various  shades  of  purple  are 
produced. 

DietcricJi*  gives  the  following  directions  for  making 
logwood  ink  powders  : 

Eed  Logivood  Ink. — Logwood  extract,  100  ;  aluminium 
sulphate,  40;  potassium  oxalate,  40;  potassium  bichro- 
mate, 3  ;  and  salicylic  acid,  1-5  parts,  in  i  litre  of  water. 

Violet  Logwood  Ink. — Logwood  extract,  100 ;  aluminium 
sulphate,  40  ;  potassium  oxalate,  60  ;  potassium  bisulphate, 
10;  potassium  chromate,  5;  and  salicylic  acid,  1.5  parts. 

Aniline  Ink  Powders.— Owing  to  the  readiness  with 
which  they  dissolve  in  water,  certain  aniline  dye-stuffs 
are  particularly  suitable  for  the  purpose  of  ink  powders. 

Vicdt  in  1875  recommended  the  use  of  nigrosine,  which 
was  to  be  dissolved  before  use  in  80  parts  of  water ;  and 
since  then  aniline  dye-stuffs  have  formed  the  basis  of 
numerous  English  -patents,  (vide  infra). 

Dieterich  (loc.  cit.)  has  also  described  ink  powders  of 
different  colours  prepared  from  aniline  dye-stuffs : 

Black  Ink  Poivder. — Aniline  green  D.,  9  ;  Ponceau 
R.R.,  8.0 ;  phenol  blue,  i. 

Bed  Ink  Powder. — Ponceau  red,  R.R. 

Green  Ink  Fotvder. — Aniline  green. 

Violet  Ink  Foivder.— 'Phenol  blue,  1.5  ;  Ponceau  R.R., 
2.0  parts. 

Blue-green. — Phenol,  blue  1.5  ;  aniline  green,  2.5  parts. 


* .  loc.  cit. 
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For  copying  ink  powders  greater  proportions  of  colour- 
ing-matters to  water  ranst  be  used  and  sugar  added,  e.g.  : 

Violet  Copying  Ink  Powder. — Methyl  violet,  20  ;  sugar, 
10  ;  and  oxalic  acid,  2  parts. 

lied  Copying  Ink  Poivder. — Eosine,  15  ;  and  sugar,  30 
parts. 

Blue  Copying  Ink  Powder. — Resorcin  blue,  5  ;  sugar, 
20  ;  and  oxalic  acid,  i.o  parts. 

Patent  Ink  Powders  and.  Dried  Inks. — The  earliest 
patent  for  an  ink  powder  was  taken  out  by  Holman  in 
1668  (No.  258),  but  no  details  of  the  method  of  preparing 
the  substance  are  given.  After  that  date  no  patent  seems 
to  have  been  applied  for  until  1867,  when  Cooley  (Eng.  Pat., 
No.  106)  claimed  the  use  of  various  dry  extracts  of  dye- 
stuffs  and  salts,  such  as  extract  of  Brazil  wood  with  salts 
of  tin,  alum,  tartrate,  alkali  or  acid ;  Prussian  blue, 
soluble  indigo  with  suitable  mordant ;  sap  green,  with  or 
without  alum  ;  saffron  with  alkali  carbonate ;  extract  of 
French  berries  with  alum ;  and  powdered  galls  or  pyro- 
gallol  or  a  mixture  of  these  with  ferrous  sulphate. 

By  ford' 8  Ink  Powder  (Eng.  Pat., No.  974;  1876)  contained 
logwood  extract,  indigo  sulphate,  and  ferrous  sulphate. 

In  1878  Jaeohsohn  (Eng.  Pat.,  No.  i586,Prov.)  described 
an  ink  powder  for  copying,  which  consisted  of  a  solution  of 
an  aniline  dye-stuff,  with  sugar,  gum  arabic,  and  glucose 
evaporated  to  dryness. 

Payne's  tablet  for  inking  rubber  stamps  (Eng.  Pat.,  No. 
3179  ;  1886)  consists  of  glycerin,  gelatin,  or  other  glutinous 
substance,  with  an  aniline  or  other  dye-stuff.  An  ink  in  dry 
form  protected  by  Ashton  (Eng.  Pat.,  No.  14,388;  1889) 
is  prepared  by  drying  a  solution  of  a  soluble  colouring 
containing  gum,  &c.,  on  wood  shaving,  gelatin,  &c.  ;  and 
similar  patents  were  granted  to  Nienstadt  and  Goldmark  in 
1894  tli6>  process  of  coating  granules  of  non-porous 
material  with  a  pigment  and  binding  material  (Nos.  3236 
and  5078).  The  ink  claimed  by  Spencer  (Eng.  Pat.,  No. 
21,830  ;  1897)  consists  of  an  aniline  dye-stuff  mixed  with 
sodium  bicarbonate  and  a  dry  acid,  the  object  of  the  latter 
being  to  cause  effervescence  and  thus  distribute  the  pig- 
ment through  the  water. 
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Stencil  Inks. 

Inks  intended  for  use  with  stencil  plates  require  to  be 
fairly  fluid,  and  to  yield  characters  which  dry  rapidly,  and 
are  not  easily  effaced. 

Blue  Stencil  Ink. — A  mixture  of  2  parts  of  shellac  and 
2  parts  of  borax  is  boiled  with  water  (say  25  parts),  and 
the  solution  mixed  with  a  sufficient  quantity  of  ultra- 
marine to  give  the  desired  colour. 

Black  Steyicil  Inks. — (i)  The  shellac  and  borax  solution 
described  above  is  mixed  with  a  suitable  proportion  of 
lamp-black  or  nigrosine  instead  of  ultramarine. 

(ii)  A  mixture  of  2  parts  of  manganese  sulphate  with 
I  part  of  lamp-black  and  4  parts  of  sugar  is  ground  to  a 
paste  with  a  small  quantity  of  water,  and  a  little  gum 
arabic  added  to  give  consistency. 

Show  Card  Ink. — An  ink  of  similar  character  to  the 
preceding  inks  has  been  recommended  for  marking  show 
cards  and  tickets  for  shop  windows.  It  consists  of  16  parts 
of  asphaltum,  18  parts  of  Venice  turpentine,  4  parts  of 
lamp-black,  and  40  parts  of  turpentine  oil,  thoroughly 
mixed  together. 

Inks  for  Rubber  Stamps. 

Many  of  the  inks  used  with  rubber  stamps  consist  of  an 
aniline  dye-stuff  in  a  suitable  fluid  medium. 

Black  Ink. — This  can  be  prepared  from  aniline  black  ^, 
alcohol  15,  and  glycerin  15  parts.  It  is  poured  upon 
the  cushion  of  the  stamp,  and  rubbed  with  a  brush. 

Blue  Ink. — Soluble  aniline  blue,  3  ;  distilled  water,  10  ; 
acetic  acid,  10  ;  alcohol,  10 ;  and  glycerin,  70  parts.  The 
blue  is  mixed  with  the  water  in  a  mortar,  the  glycerin 
then  gradually  added,  and  lastly  the  other  ingredients. 

Inks  of  other  colours  are  prepared  in  the  same  way,  other 
dye-stuffs  being  used  in  place  of  the  blue.  For  example, 
methyl  violet,  3  parts  ;  fuchsine,  2  parts ;  methyl  green, 
4  parts  ;  nigrosine  (blue  black),  4  parts,  &c. 

A  bright  red  ink  can  be  obtained  by  using  eosine,  but  in 
this  case  the  acetic  acid  must  be  omitted. 
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Ileissig's  Cancelling  Ink — An  indelible  ink  intended  for 
use  with  rubber  stamps  has  been  devised  by  Reissig.  It 
consists  of  the  following  ingredients :  linseed  oil  varnish, 
i6  ;  fine  lamp-black,  6;  and  ferric  chloride,  2  to  5  parts. 
This  ink  must  not  be  used  with  metal  stamps. 

Inks  for  Writing  on  Glass. 

Hydrofluoric  Inks. — One  of  the  simplest  fluids  used 
for  marking  glass  is  a  dilute  solution  of  hydrofluoric  acid, 
which  reacts  with  the  silica  in  the  glass,  forming  a  per- 
manent etching. 

The  objections  to  the  use  of  free  hydrofluoric  acid  are 
that  it  is  unpleasant  to  handle,  and  that  it  must  be  kept  in 
a  bottle  composed  of  material — e.g.,  gutta-percha — upon 
which  it  does  not  act. 

It  is  far  better  to  use  a  solution  of  a  fluoride  which  is 
only  mixed  with  an  acid  solution  when  required,  as  in  the 
case  of  the  following  preparation  : 

Solution  I. — Sodium  fluoride,  36  parts ;  potassium  sul- 
phate, 7  parts ;  distilled  water,  500  parts. 

Solution  II. — Zinc  chloride,  14  parts;  hydrochloric  acid, 
65  parts  ;  water,  500  parts. 

Equal  parts  of  the  two  solutions  are  mixed,  and  the 
writing  done  with  a  clean  quill  pen.  The  etching  in  the 
glass  appears  after  about  thirty  minutes. 

Resin  Inks. — An  ink  which  gives  writing  not  removed 
from  glass  by  water  is  prepared  by  mixing  together  the 
following  substances  :  Turpentine,  1 5  ;  shellac,  10 ;  Venice 
turpentine,  3  :  and  lamp-black,  3  parts. 

Another  formula  for  a  fluid  for  writing  on  glass  is  as 
follows:  Rosin,  20;  alcohol,  150;  borax,  35;  methylene 
blue,  I  ;  and  water,  250  parts. 

Foertsch's  Pencil  for  Glass. — Eight  parts  of  white 
wax  are  fused  with  2  parts  of  tallow,  and  a  pigment  such 
as  lamp-black  or  Prussian  blue  stirred  in  while  the 
mixture  coois.  When  nearly  cold,  it  is  rolled  into  pencil 
form  on  a  slab,  and  covered  with  a  paper  case. 
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Inks  for  Writing  on  Metals. 

Inks  for  Metals  in  General. — -A  black  ink  which  can  be 
ased  for  writing  on  clean  metallic  surfaces  is  obtained  by 
fusing  5  parts  of  copal,  then  cautiously  adding  6  parts  of 
turpentine  oil,  little  by  little,  and  finally  stirring  i  part 
of  lamp-black  into  the  mixture. 

For  a  red  ink  |  part  of  cinnabar  is  used  in  place  of  the 
lamp-black,  whilst  inks  of  other  colours  can  be  prepared 
by  the  use  of  suitable  proportions  of  pigments,  such  as 
Prussian  blue,  aniline  dye-stuffs,  &c. 

These  inks  should  be  thinned  with  turpentine  oil  to  the 
required  degree  of  consistency. 

Ink  for  Zinc  Labels. — An  ink  intended  for  writing  on 
the  zinc  labels  attached  to  plants  was  devised  by  Pusclier* 
It  consists  of  I  part  of  potassium  chlorate  and  i  part  of 
copper  sulphate,  dissolved  in  i8  parts  of  water,  and 
thickened  with  a  little  gum  arabic.  The  writing  is  black, 
and  will  resist  a  fairly  high  temperature. 

A  blue  ink  for  the  same  purpose  is  obtained  by  dissolv- 
ing 6o  parts  of  potassium  chloride  and  1 20  parts  of  copper 
sulphate  in  1400  parts  of  water,  and  mixing  the  solution 
with  a  solution  containing  i  part  of  soluble  aniline  blue, 
and  ICQ  parts  of  dilute  acetic  acid  in  400  parts  of 
water. 

Black  Ink  for  Iron,  Zinc,  or  Brass. — A  dull  black  writing 
is  produced  on  these  metals  by  an  ink  of  the  following 
composition :  Copper  sulphate,  5  ;  dilute  (5.  per  cent.) 
acetic  acid,  i ;  gum,  2 ;  and  lamp-black  i  part,  mixed 
with  5  parts  of  water. 

Ink  for  Copper  or  Tin. — For  these  metals  the  ink 
described  in  the  preceding  paragraph  must  be  modified 
thus :  Copper  sulphate,  5  parts ;  ammonium  chloride, 
3  parts ;  hydrochloric  acid,  3  parts ;  gum,  2  parts  ;  and 
lamp-black  i  part,  in  5  parts  of  water. 

Ink  for  Silver. — Yellowish-brown  characters  are  pro- 
duced on  silver  by  a  7  per  cent,  solution  of  the  double 
chloride  of  gold  and  sodium,  and  the  colour  is  changed  to 

*  Wagner's  Jahresher.^  1S73,  xix.  206. 
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black  on  exposure  to  the  action  of  light.  A  solution  of 
platinum  chloride  can  also  be  employed  as  a  black  ink  for 
writing  on  silver. 

Ink  for  Writing  on  Leather, 

The  leather  is  first  treated  with  a  lo  per  cent,  solution 
of  gallotannic  acid,  containing  i  per  cent,  of  gum  arabic, 
and  then  dried.  It  can  then  be  written  on  with  an  iron 
ink  of  the  following  composition :  Ferrous  sulphate,  2  ; 
gum,  3  ;  and  water  20  parts,  to  which  a  little  indigo 
carmine  is  added  to  give  a  temporary  colour,  pending  the 
formation  of  the  iron  gallotannate  in  the  leather. 

Ink  for  Ivory  Surfaces. 

_  Lenher  *  recommends  the  use  of  solutions  of  silver 
nitrate  ranging  in  strength  from  lo  to  i  percent.,  accord- 
ing to  the  depth  of  tint  required.  The  ivory  is  prepared 
by  being  immersed  in  a  strong  solution  of  ammonia,  and 
washed  with  water.  The  writing  may  be  toned  to  a  brown 
colour  by  treatment  with  a  i  per  cent,  solution  of  sodium 
gold  chloride,  and  fixed  in  a  lO  per  cent,  solution  of 
sodium  thiosulphate  (hypo). 

Ink  for  Writing  on  Wood,  f 

The  surface  of  the  wood  is  repeatedly  brushed  with  a 
boiling  solution  of  gelatin,  and  then  sponged  with  a 
mordant  containing  lo  parts  of  alum,  2  parts  of  hydro- 
chloric acid,  and  lo  parts  of  tin  chloride  in  50  parts  of 
water.  Writing  of  difi'erent  colours  may  then  be  done  on 
this  prepared  surface  with  solutions  of  various  pigments, 
such  as  cochineal  (red),  decoction  of  Persian  berries 
(yellow),  decoction  of  anacardium  seeds  (black),  potassium 
permanganate  (brown),  decoction  of  logwood  (blue),  &c. 

Fireproof  Inks. 

Numerous  inks  have  been  described  which,  when  used 
with  a  specially  prepared  paper,  produce  writing  that 

*  Die  Tinten  Fair  illation,  p.  228.  f  IVid. 
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resists  the  action  of  fire.  Speaking  generally,  these  con- 
tain some  incombustible  material,  such  as  graphite  or  a 
metallic  compound,  which  leaves  a  residue  of  oxide^  or 
metal  when  heated,  and  are  used  with  a  paper  containing 
more  or  less  asbestos  fibre. 

The  use  of  such  paper  with  a  plumbago  ink  was  claimed 
by  Halfpenny  in  1873  (Eng.  Pat.,  No.  262),  whilst  Hyatt 
(Eng.  Pat.,  No.  3684;  1873)  also  claimed  the  addition  of 
asbestos  to  the  raw  material  of  paper. 

In  1 88 1  Meih6  patented  (Eng.  Pat.,  No.  3410)  fireproof 
inks  for  writing  or  printing  on  paper  containing  asbestos 
and  wood  fibre.  These  inks  contained  5  or  10  per  cent, 
of  platinum  chloride, 

MeiU's  Writing  Inh. — Platinum  chloride,  5  ;  lavender 
oil,  15;  Indian  ink,  15;  gum  arable,  i  ;  and  water,  64 
parts. 

Fireproof  Graphite  /w^.— Graphite,  85  ;  copal  varnish, 
0.08;  ferrous  sulphate,  7.5;  and  tincture  of  galls  30 
parts,  with  sufiicient  indigo  carmine  to  give  the  required 
bluish  colour. 

Fireproof  Paper. — Wood  fibre,  i  part ;  asbestos,  2  parts; 
borax,  o.i  part;  and  alum,  0.2  part. 
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Date. 


1764 

1768 
1780 
1809 

1825 
1837 

1837 
1837 

1837 

1839 
1840 


1844 
1846 


1855 
1855 
1856 

1857 


No. 


258 


906 
1244 
3214 

5285 

7313 

7341 
7342 

7474 

8175 
8770 

9667 
10,329 
11,474 


970 
1676 

342 
1112 


Name. 


Holman. 

Cuminiugs. 

Bring. 
Watt. 
Folsch  and 
Howard. 
Giroud. 

Stevenson. 

Aldrich. 
Stephens  and 
Nash. 
Whitfield. 

Normandy. 
Scott. 

Eoberts. 
Maclvenzie. 
Eeade. 


Depierre. 

Wood. 

C.  and  G. 
Swann. 
Underwood. 


Subject-matter. 


Powder  for  black  ink.    To  be  mixed 

with  water,  beer,  &c. 
Composition   for  writing    on  skins, 

paper,  &c. 
Making  ink  into  a  cake  or  solid. 
Copying  presses  and  ink. 
Permanent  writing  ink. 

Ink  from  chestnut  wood  ("  damaja- 
vag  "). 

Indelible  safety  paper  (impregnated 
with  MnCIg  and  K4Fe(CN)6). 

Colours  rendered  applicable  to  writing. 

Indelible  ink.  Carbon  in  solution  of 
resinous  soap. 

Indelible  ink.  Lamp-black  in  linseed 
oil,  &c. 

Writing  inks. 

Indelible  ink.    Gas-black,  indigo  and 
Prussian  blue  in  gall  and  logwood  ink. 
Composition  of  ink. 
Writing  fluids. 

Indelible  ink.  Soluble  Prussian  blue 
in  gall  ink. 

Also  red  ink,  marking  inks,  and  print- 
ing inks. 

Ink  from  decoction  of  alder  flowers 

and  iron  salt. 
Lake  of  alum  and  cochineal  dissolved 

in  ammonia  solution. 
Writing  and  copying  ink.  Chrome 

logwood  ink. 
Copying  paper.  Writing  with  logwood 

decoction,    and    moistening  with 

K2Cr04  solution  before  copying. 
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Date. 


1858 
1859 


No. 


Xame. 


Subject-matter. 


1132 
1996 


1744 


534 

2972 

675 
1213 

2235 
1418 

1819 

2223 

2506 
836 
2267 


Henry. 
Win  stone. 

Ballande. 

Scoff  eni. 

Ballande. 
Melville. 

Stevens 
(Croc). 

Clark 
(Annaud). 
Roberts. 

De  la  Rue. 
Friederich. 

Goold. 

Baildon. 

Newton. 
Newton. 
Ellis. 


1867 

106 

Coolej. 

1868 

2163 

Cooke. 

1869 

47 

Cooke. 

1870 

1863 

Pinkney. 

I87I 

274.5 

Pinkney. 

1873 
1873 

258 
262 

Gutensohn. 
Halfpenny. 

1873 
1873 

1982 
3814 

Carter. 
Teysonni^res. 

Copying  ink.    Addition  of  glycerin. 
Copving  ink.     Addition  of  glycerin. 
{Pnn:) 

Safety  paper.  Paper  impregnated  with 
metallic  salt.  Ink,  a  solution  acting 
upon  the  salt. 

Ink.  A  solution  of  animal  or  veget- 
able fibre  in  "copperised"  am- 
monia. 

Safetv  ink  and  paper.  On  lines  of  pat. 
of  1859. 

Indelible  ink.  Plumbago  with  resin, 
gum,  &c.,  alum,  and  a  suitable  colour- 
ing-matter. 

Indelible  anti-corrosive  ink.  Aniline 
dyes  used  with  carbon. 

Inks  from  aniline  d^  es. 

Copying  ink.    Use  of  glycerin,  mol- 
asses, and  extract  of  alhemoscJi  seeds. 
Writing  inks  from  aniline  waste,  &c. 
Ink  from  logwood  and  potassium  bi- 
chromate and  ferrocyanide. 
Alkaline  tannate  or  logwood  solution 
treated  with  metallic  iron.  {Prov.) 
Safety  ink  and  paper.    Colour  of  paper 

changed  by  acid  in  the  ink. 
Method  of  oxidising  ink.  {Prov.') 

Do.        do.  do. 
Indelible  inks.  Colouring-matters  pre- 
cipitated by  silicic  acid  and  dissolved 
in  a  soluble  silicate  solution. 
Ink  powders.    Prepared  by  extracts  of 

dye-stuffs  with  metallic  salts,  &c. 
Copying  ink.     Addition  of  glycerin. 
(Prov.) 

Copying  ink.  As  in  the  patent  of 
1868. 

Ink  from  aniline  salts  with  oxidising 
agent  and  metallic  salt,  of  which 
nickel  is  specially  claimed. 
Ink  from  aniline  salt,  oxidising  agent, 

and  uranium  or  vanadium  salt. 
Ink  from  tin  waste. 

Incombustible  ink  and  paper.  Addi- 
tion of  asbestos  to  paper.  Plumbago 
ink. 

Oxidising  gall  ink  by  air  current. 
Prevention  of  deposits  in  ink  by  addi- 
tion of  oxalic  acid  or  oxalate. 
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Date. 


No. 


Name 


Subject-matter. 


1873 
1874 

1874 
1874 
1874 

1874 
1874 

1874 

1875 
1875 


1876 
1876 

1877 


i»7S 
1878 

1879 

1879 

1879 
1879 

1879 


3684 
1078 

1839 
2009 

2939 

3150 
40Q0 

4421 
1620 


974 
4820 

2389 

1586 

2636 

4606 
5122 

526 
2256 

3391 
3499 

4187 


Hyatt, 
de  Zuccato. 

Gaffard. 
Casthelaz. 
Mitsclierlich. 

de  Zuccato. 
Petit. 

Knab. 

Grawitz. 
Joly. 


Byford. 
Plateau. 

Kromer. 


Jacobsohn. 


Eicbiiiond. 


Kwayser  and 
Hasak . 
Hickisson. 


Fargye. 

Eosefeld. 

Jefferies. 
Taylor. 

Hardt. 


Incombustible,  paper  and  ink.  Addi- 
tion of  asbestos. 

"  Papyrograp^iic  "  [copying  ]  ink.  Paper 
coated  with  varnish.  Ink,  a  solution 
of  caustic  alkali  with  colouring- 
matter. 

Indelible  ink.  Carbon  in  solution  of 
alkali  silicate. 

Ink  obtained  by  oxidising  H2SO4  solu- 
tion of  aniline. 

Tannin  for  ink  extracted  by  heating 
the  substance  containing  it  with 
sulphurous  acid  under  pressure. 

Improvements  in  Patent  No.  1078  of 
1874. 

Copying-ink  pencil.  Aniline  dj-e  with 
plumbago  and  adhesive  material. 
(Pror.) 

Black  for  ink  obtained  by  heating  gas- 
tar  with  limQ  in  a  retort. 

Manufacture  of  aniline  black. 

Ink  prepared  by  acfion  of  tungstic  acid 
on  colouring-matters  (e.g.,  of  log- 
wood, elderberry,  &c.). 

T)vy  copying  ink  powder. 

Portable  ink.  Absorbent  material 
saturated  with  aniline  dye,  &c. 

Sympathetic  ink.  Dry  tannin  and 
anhydrous  ferrous  sulphate  made 
into  paste  with  benzene  and  varnish. 

Copying  ink  ,  powder.  Solution  of 
aniline  dye,  sugar,  gum,  &c.,  evapor- 
ated to  dryness. 

Indelible  ink,  containing  aniline  black, 
and  also  the  substance  for  forming 
aniline  black- 

Coi>ying  ink.  ,  Aniline  colour  in  alcohol 
and  water. 

Ink  from  vanadium  or  its  salts  with 
oxidising  agent  to  form  a  mordant 
(pref.  salt  of  .nickel  or  copper). 

Ink  attached  to  cavity  of  pen  by  ad- 
hesive material. 

Copying  apparatus  (gelatin)  and  aniline 
ink. 

Aniline  inks. 

Formation  of  aniline  black  [also  as 

marking  ink].  (Pror.) 
Aniline  and  metallic  inks  for  copying 

apparatus. 
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Date. 

Xo. 

Name. 

Subject-matter. 

1880 

2606 

Bergel. 

Marking  fluid  for  paper  silhouettes 
[KNO3  solution].  \Prov.) 

1881 

1 A  T 

Stnrlflart 

liquors. 

1881 

T)rv  <^ ATiA'"! no*   i nlr       PTTr?! n i nTn    n ppf.n f a 

sugar,  glycerin  with  logwood  extract 
and  alum,  or  aniline  colour].  [Pror.) 

1881 

ICX)2 

PricstinfiTi  jiiid 
Longshaw. 

Ink  from  waste  tan  liquor  and  iron 
salts.  {Pi'oc.) 

1881 

2948 

ftp  hiYiiH 

Copying    apparatus.      Gelatin  with 
glycerin  and    chrome    alum.  Ink 
which  contains  uranium   salt  and 

colour  {e.g.,  indigo),  acts  chemically 

on  QiilmffinoA  in  tlip  nf^llAr 

\j  iL  on  lUO  tcti  HOC  IIX    LllC  JCiiV. 

1881 

"SATO 

Meihe. 

Fireproof  ink.     ^V^riting  or  printing 
with  ink  containing  platinum  chlo- 
ride on  paper  containing  asbestos. 

18S1 

3605 

Gurney. 

Ink  from  spent  tan  liquor  and  iron 

filings. 

Sensitive  ink  for  tracing  designs.  Ac- 

1881 

3657 

Sciclis. 

Rcissig. 

lion  r\T  lirrTi^"  rvn  ni/^Vii'r\mQ^"A 

1882 

728 

Indelible  ink.    Printing  ink  incorpor- 
ated with  ferrous  and  ferric  salts, 

and   thinned  with  turpentine,  &Ct 

iPruv.) 

1882 

DGtmold 

A  m  1 1  n p  m»  crc\  11  1  nlrci  0 r\ n f  0 1 ni n o*  ol/^nli r»l 

spirit  of  camphor,  &c.    Drying  in- 
stantly on  contact  with  the  paper. 

188 ' 

8  CO 

JL'  UXiftCL'Ct  CXi 

Indelible  ink.  Logwood  extract,  sugar. 

Co. 

aniline  black  and  soot. 

i88^ 

3600 

■Rrilfrvn 

is  on-smearing  copying  ink.  Addition 

of  ginger  and  gum  arabic  to  iron 
gall  ink.  {Pror.) 

1884 

Friend. 

Papyrographic  ink.    Iron,  tannic  acid 
and  glycerin. 

1885 

440 

Armour. 

Ink  removable  by  washing. 

Ink  from  waste  logwood,  and  potas- 

1885 

S241 

Frusher. 

sium  bichromate  of  dyeing  vats. 
Indelible  ink  from  carbonised  sugai' 

1 88  c 

9249 

1886 

3179 

Payne. 

Ink  tablet  for  inking  rubber  stamps. 
Sympathetic  ink.    Magnesium  platino- 
cyanide. 

1887 

730 

Himly. 

1887 

15-079 

Hackney. 

Addition  of  CaClg  to  ink  to  prevent 
drying.     Blotting  paper  containing 
sodium  sulphate  or  borate  to  decom- 
pose the  CaCla,  so  that  the  writing 
can  dry. 

1887 

17,925 

Groth. 

Indelible  ink.    Black  compound  from 

aniline  in  suitable  medium. 
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Date. 


No. 


Name. 


Subject-matter. 


1890 

1890 
1891 
1891 
1891 


7149 

7472 

2360 

8971 
14,388 
15-565 


2130 
10,401 
10,905 

15,857 
15,858 
16,757 

17,373 
1616 

3247 
5437 


Dimitry. 
Smith. 

Quelch. 

Brasier  and 
Knowles. 

Mills. 

AshtorL 

Pulford. 


Conrad  and 
Lilley, 

Tschofen. 

Coni'ad. 

Piffard. 

Higgins. 

Higgins. 

Just,  Weiler, 

and 
Heidepriem. 
Beales. 

Leech  and 
Harrobin. 
Coen. 

Sherwood. 


Solution  of  anilin«  colour  with  gelatin 
and  potassium  bichromate.  Exposed 
to  sun. 

Manifold  copying  ink  (aniline  in  water, 
HCl  and  alcohol),  used  with  slab  of 
china  clay,  starch,  glycerin,  and 
water. 

Invisible  ink.  Writing  with  solution 
of  KNO3  or  KCl  on  non-glazed  sur- 
face, and  applying  hot  wire. 

Writing  ink  composed  of  alkaline  ex- 
tract of  fibrous  plant,  Baithiiiia 
Valilil. 

Sanitary  ink.  Addition  of  an  anti- 
septic agent. 

Dry  inks.  Soluble  colours  with  gum, 
&c.,  dried  on  wood,  shavings,  &c. 

Invisible  ink  for  envelopes.  Uranium 
acetate  and  potassium  ferrocyanide 
with  white  lead  applied  with  litho- 
graphic varnish.  Steam  brings  about 
reaction. 

Copying  ink.  Addition  of  indigo  car- 
mine and  aniline  black  with  glycerin 
and  magnesium  chloride  to  an  iron 
gall  ink. 

Invisible  ink.  Writing  on  smooth  sur- 
face with  chalk  water  and  dusting 
letters  with  powder,  e.g.,  graphite. 

Copying  ink.  Addition  of  deliquescent 
salts  [e.g..,  ammonium  nitrate),  and 
glycerin. 

Copying  paper.  Paper  treated  with 
gallic  acid — iron  ink.  No  press  re- 
quired. 

Ink  for  stamps.  Oleic  acid  and  dye- 
stuff,  e.g.,  methyl  violet. 

Idem.  Solution  of  aniline  colour  in 
essential  oil. 

Safety  ink.  Carbon  black,  vanadium 
compounds,  galls,  &c. 

Copying  ink  and  prepared  paper.  No 

damping  iiaper  required. 
Indelible  ink.     Turpentine,  asphalt, 

resin,  alum,  beeswax  and  colour. 
Copying  ink.    Glycerin  and  candied 

sugar  in  ordinary  ink. 
Copying  ink.     Soluble   aniline  dye, 

borax,  water,  and  boiled  linseed  oil. 
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Date. 


Xo. 


Name. 


Subject-matter. 


1892 
1892 

1893 
1893 
1894 

1894 
1895 


1896 
1897 

1897 


1899 


1900 
1900 


93 
18,721 

7263 
16,830 
3236 

S078 

6938 

3459 

17,226 
21,830 

21,991 


5294 
24,644 

6727 


14-957 


1290 
7367 


Higgins. 

Friswell  and 
Leeds. 

Blancan. 

Hollyer. 

Nienstaedt 

and 
Goldmark. 
Nienstaedt 

and 
Goldmark. 
Thacker. 

Adams. 


Temple. 
Spencer. 

Moller. 


Izambard. 
Lichtentag. 

Kretschmann. 


Bachem. 


Power. 


Izambard. 
Kretschmann 


Stamping  ink.     Aniline  colour  with 

fixed  oil  and  carbolic  acid. 
Copying  ink.    Lamp-black  in  solution 

of  aniline  dye  evaporated,  and  residue 

mixed  with  lithographic  varnish. 
Indelible  ink.  Aluminium  powder  with 

protective  varnish. 
Sanitary  ink.     Addition  of  juice  of 

lesser  celandine. 
Dried  ink.     Granules  of   non -porous 

substance  covered  with  dried  ink. 

Dried  ink.  Glass  or  metal,  &c.,  coated 
with  pigment  and  binding  material. 

Safety  paper.  Coated  with  colour.  Ink 
removes  the  colour  of  portion  written 
on. 

Sympathetic  ink.  Dilute  HgSOj 
(i  :  17)  ;  writing  made  visible  by 
heat. 

Non-staining  ink.  Addition  of  saline 
compound,  e.r/..  ordinary  salt. 

Dried  ink.  Aniline  dye  with  sodium 
bicarbonate  and  acid  to  produce 
effervescence  and  diffuse  colour  in 
water. 

Invisible  and  indelible  ink.  Alum 
and  white  garlic  juice —visible  on 
heating. 

Use  of  Eontgen  rays  in  MTiting. 

Indelible  ink.  Carbon  in  soap  and 
water  or  other  medium. 

Sympathetic  ink.  Paper  treated  with 
solution  of  cobalt  chloride.  Ink  a 
solution  of  rock  salt. 

Sympathetic  ink.  Two  substances, 
e.g.,  cobalt  chloride  and  magnesium 
platino-cyanide,  one  becoming  visible 
and  other  disappearing  on  heating. 

Rapidly-drying  ink.  Tincture  ham- 
amelis,  tincture  of  iron,  and  gum 
arable  in  spirits  of  wine. 

Red  ink  from  rose  petals. 

Copying  by  means  of  Rontgen  rays. 

Sympathetic  ink.  Paper  treated  with 
non-hygroscopic  cobalt  salt.  Writing 
with  solution  of  salt  and  substance 
(e.g.,  vinegar)  to  produce  hygroscopic 
salt. 
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Date. 

No. 

Xam'j. 

Subject-matter. 

1900 

3807 

Brown. 

Copying  paper.  Paper  treated  on  one 
side  with  hardened  gelatin,  and  on 
tire  other  with  deliquescent  substance 
[e.g.,  CaClg),  and  solution  of  substance 
not  affected  bj-  writing  ink.  No 
damping  required. 

MAEKING  INKS. 

1848 

11,474 

Reade. 

Ammoniacal  solution  of  silver  tartrate. 
Addition  of  gold  salts. 

1856 

738 

Bufton. 

Platinum  salt  (Pt.2C]g),  added  to  the 
silver.  (Pror.) 

1858 

2316 

Dumi. 

Marking  ink  pencils.  Silver  salts  with 
black  lead  or  other  provisional 
colouring -matter. 

1864 

1828 

Moller. 

Red  ink-madder  with  cochineal,  ma- 
genta or  carmine.  Alum  as  mordant 
(Pror.) 

1864 

2511 

Moller. 

Madder  extract  with  alkali  salt  in  alco- 
hol -f  gum  and  vermilion.  Alum 
used  previously  as  mordant. 

1877 

379 

Schi-oll. 

Marking  ink  pencil.    Composition  of 

clay,  silver  nitrate,  or  other  soluble 
silver  salt  and  plumbago. 

Hickisson. 

1878 

5122 

Vanadium  salts,  with  oxidising  salt  as 
mordant.  For  solid  pencil,  gum,  dex- 
trin, cla}'-,  &.C.,  added. 

1879 

3499 

Taylor. 

Formation  of  aniline  black  within  the 
fabric. 

1880 

1771 

Johnson. 

Impregnating  fibres  with  mixture  con- 

taining ortho-nitro-phenyl-propiolic 
acid,  reducing  agent  and  alkali,  and 
developing  with  heat,. 

1880 

1.838 

Sachs. 

Formation  of  dye-stuffs  from  poly- 
sulphides  of  heavy  metals. 

1881 

466 

Johnson. 

Use  of  sulphides  or  sulpho-compounds 
of  alkali  metals  as  reducing  agents  in 
previous  patent. 

1882 

5946 

Langbeck. 

Coloured  marking  inks.  Salicylic  acid, 
turpentine  oil,  spirits  of  wine,  gly- 
cerin, and  colouring-matter  (ver- 
milion, &c.). 

1S83 

751 

Hickisson 
and  Lang- 
beck. 

Colour  mixed  with  solution  of  caout- 
chouc in  carbon  bisulphide. 
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D<ite. 

Name. 

Si.il)ject-iu  titter. 

1583 

752 

xLlCK-lSSOn 

Colour  mixed  with  base  of  arsenic 

and  Lang- 
beck. 

pentoxide,  turpentine,  and  glycerin. 

X  Clldlo  iiULll  DdLLlC  XJ-Xi^tUi 

1884 

9149 

Hickisson. 

Pencil  with  mai'king  point  (AgNOg 

Wltll           v/gy  clu  UntJ  cHU.  ttllCL  lliUlU.ajllt 

/r~»Ti»r\rro  n /^l      urOY     *lnn     V\r\l'Slvl    $1T.   T  n  P 
^pAlOgailUl,    VVtlA.    tlllLl     UUlclA.^    tXv  lllC 

other. 

1S84 

1S.961 

Hickisson. 

Mordant  for  pencil.    Moistened  and 

applied  to  linen. 

1885 

'?q8o 

Simpson. 

Mordants  rendering  ordinary  writing 

insoluble  in  water. 

1888 

647 

Domitry. 

Soluble  colour  with  gelatin  and  potas- 

sium bichromate,  writing  exposed  to 
sunlight. 

1893 

5316 

Hickisson. 

Aniline  dyes  soluble  in  oil  dissolved  in 

e.g.,     castor    oil,     and  solutions 
thinned  with  turpentine.  For  pencils, 
mixed  with  suitable  base. 

FEINTING  INKS. 


1772 

IOI2 

I82I 

4601 

I83I 

6182 

1835 

6906 

1853 

483 

1853 
1853 

1900 
1920 

1853 
1854 

2243 
1575 

1854 
1855 

2490 
32 

1855 
185s 

1856 
1856 

320 
I918 

400 

Eowley. 

Martin  and 
Grafton. 
Smith  and 
Doliei'. 
Bird. 

Goodell. 

Gwynne. 
Newton. 

Maumene. 
Archer. 

De  la  Eue. 
Livesay. 


Kuhlmann. 
De  la  Eue. 

Grant. 
Brooman. 


Ink  for  printing  playing  cards  in 
colours. 

Soot  of  burnt  coal-tar  as  pigment. 
Delible  ink  for  copying  books. 

Printing  ink.    Use  of  a  mineral  earth 

as  pigment. 
Use  of  residue  from  purification  of  rosin 

oil. 

Powdered  coal  as  pigment. 

Use  of  residue  from  distillation  of 
rosin  oil. 

Carbonised  lignite  as  pigment. 

Paper  carbonised  with  sulphuric  acid 
as  pigment. 

Addition  of  glycerin. 

Ordinary  typographic  ink  mixed  with 
varnish,  rosin,  and  Venice  turpen- 
tine. 

Addition  of  silicates  to  letterpress  ink. 
Addition  of  manganese  borate. 
Addition  of  odoriferous  essential  oils. 
Pigment  from  bituminous  shale  and 
schists. 
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Date. 

No. 

Name, 

Subject- HI  tit  tci*. 

1856 

2206 

Underwood 

Copying  printing  ink..    (Gall  and.  fer- 

J.  U  tID  13  Lll^llclLC  J 

1857 

and  Burt. 

II12 

Underwood. 

181:7 

tract.) 

1518 

Matthews. 

Gr66n  ink..    Chroniiuni  oxide  and.  var~ 

1857 

nish. 

1744 

Seropyan. 

Ink.  for  clieQues. 

1858 

1 187 

Stuart. 

Residue    from    distillation    of  bitu- 

Viette. 

minous  substances  as  pigment. 

1 10 

Litliograpliic    ink   containing  gutta- 

1859 

348 

percha. 

Moss. 

Ink  for  che(|ues. 

1859 

1282 

Hadfield. 

Transfer  ink. 

1859 

2081 

Collins. 

1859 

Palmer. 

-CLUiiiiic  Uj-piUU-UOL  cite  piglllcllij. 

i860 

388 

Ballande. 

Safety  printing  ink. 

i860 

1445 

Thierry. 

Pigment    prepared   from  carbonised 
schist 

i860 

2640 

Neal. 

Grinding  mills. 

1862 

767 

Brooman. 

Inks  for  printing  on  glass. 

1862 

26i;4 

Prince. 

Use   of   "nptrnlpniTi    nvr^rlnr»i"ci   in  lifl^n- 

1862 

O'vft  Till  1  f  vft  vn  1  q1i 

^-l  CXi^lLLyj    V  cll  111  oil. 

3074 

Croc. 

Telegraph  ink.    Aniline  in  dilute  alco- 

1863 

hol,  thickened  with  gluten. 

McLean. 

Pigment  from  shale.  (^Pfov.) 

1863 

Hughes. 

Tnlv  TAT  fViPrmPQ       OnTnTir^nnrl  r»f  e^-onr>»<-i 

acid  and  chromium  oxide. 

1864 

Bowlev. 

rT'Sf  CiT   Til  t'pli  V  GnTicfn  r»r>p  "pTrvTvi       i  cf 1 11  q 

KJl.     ^LLKjlLy    OU  U6  LctliijC    11  UHl     (.lite  tlllct" 

tion  of  cotton  oil. 

186 1: 

N"ewton. 

Oil  substitute  prepared  from  glue  or 

1866 

Holmes. 

gelatin. 

^67 

AniTTial  nitfh   ^bnnp  nil  Tiif^^li\  ne  l«Tnr\- 

^LiixuaCLl                       ^UV./UC  XJLL  ^JLLy^lL  J  cite  icHllU 

black  substitute.  (Prov,) 

1866 

1737 

Holmes. 

Idem, 

1868 

P.  and  W. 

Pigments.    Oxides  of  iron  heated  with 

1869 

Hodge. 

carbonised  peat. 

439 

Indigo  printing  ink. 

1869 

2890 

Kirchner 
and  Ebner. 

T)p1i  n  1  p  ni'i nf.i  no*  i nlr      TTcitvi n  Ti tttI t/-vvi r1  a 

X/CII  UiC  jJl  in  Llllg  lLil\.(        J.'  Cl  1  LKj  1L\  (XL  UAIQ" 

with  tannin  in  a  varnish. 

1869 

2946 

May. 

Non-oleaginous  inks.    Glycerin,  gums, 
and  pigment. 

1869 

2993 

Kloen. 

Water-colour    inks.    Pigments  with 
glycerin,  gums,  sugar  or  other  sub- 
stances soluble  in  water. 

1869 

3543 

Edwards. 

Photo-mechanical  ink.    Extra  greasy 
ink. 

1870 

967 

Jackson. 

Grinding  mills. 

1870 

1419 

Lawrence. 

Ink  containing  glycerin,  gum,  sugar, 
and  pigment. 

236 


INKS  AND  THEIR  MANUFACTURE 


Date. 

No. 

Name. 

1870 

1863 

Pinkney. 

1870 
1871 

2762 
689 

Lake 
(Toppan). 
Lake. 

1871 

2745 

Pinkney. 

1871 
1873 

.  3365 
2133 

McCready. 
Little. 

1873 

3129 

Mackay. 

1873 
1873 
1873 

3176 
3598 
3684 

Newton . 
Kingdon. 
Hyatt. 

1873 
1873 

3809 
4196. 

Smith  and 
Fountain. 
Thomas. 

1874 

208 

Clark. 

1874 

1078 

de  Zuccato. 

1874 

1839 

Tongue. 

1874 

1995 

CLark. 

1874 

4421 

Knab. 

1875 
1875 

605 
1620, 

Whitburn. 
Chirk. 

1875 
1875 

1941 
3762 

Holyoake. 
Edison. 

1876 
1876 

1602 
2268 

Heuer. 
Brooks. 

1876 

2621 

Zingler. 

1876 

3270 

Tongue. 

1876 

4470 

Pinkney. 

1877 
1877 

169 
89s 

Tongue. 
Pumplu-ey 

1877 

950 

Williams. 

Subiect-mattor, 


Use  of  aniline  salts  with  nickel  salts 

and  an  oxidising  agent. 
Use  of  petroleum  products. 

Copying  ink.  Use  of  pigment  soluble 
in  water  and  of  soluble  gums. 

Use  of  aniline  salt  with  salts  of  vana- 
dium and  nickel. 

Apparatus  for  blending  colours. 

Telegraphic  apparatus.  Ink  of  aniline 
blue  in  glycerin. 

Use  of  oil  recovered  from  waste 
fabrics. 

Pigment  for  printing  fabrics. 
Grinding  mills. 

Fireproof  ink.  Addition  of  asbestos 
powder. 

Heating  printing  ink  to  uniform  tem- 
perature before  use. 

Use  of  heavv  oils  and  pitches  from 
tar. 

Apparatus  for  manufacture  of  lamp- 
black. 

Papyrographic  ink.  Caustic  alkali 
solution  and  vandyke  brown. 

Carbon  in  a  silicate  solution  as  indelible 
ink. 

Stamping  ink.    Solution  of  colour  in 

alcohol  and  glycerin. 
Manufacture  qf  pigment  from  gas  tar, 

&c. 

Ink  for  printing  on  wood. 
Production  of  aniline  black  for  print- 
ing. 

Transfer  ink.  (P/V'r.) 

Ink  for  autographic  printing.  Printers' 

ink  thinned  with  castor  oil. 
Printing  on  glass. 

Coloured  printing  inks.  Special  var- 
nish. 

Metallic   printing  inks.    Solution  of 

albumen  as  vehicle. 
Pigments  from  anthracite  and  other 

coal.  (Prur.) 
Ink  for  cheques.    Use  of  ferrocyanides 

witli  aniline  or  vegetable  colours. 
Pigments  from  anthracite,  &c.  (Pror.) 
Autographic  ink.    Aniline  colours  in 

acetic  acid  and  glycerin. 
Boiling  oil.    Use  of  steam. 
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Date. 

No. 

Name. 

Snbicct-matter. 

1877 

3402 

Howard. 

Pigment  from  peat  charcoal. 
Engi*avin^  ink  containing  sugar,  gum 
arable,  and  silicates. 

1877 

L'HGurGiix 
and.  Ligny, 

1878 

2706 

Liston. 

Ink  for  pi'iiitin^  on  CtirtliGiiWcirG 
ment  with  glycerin  or  molasses. 

1878 

WinterhofF. 

vviLil      VcllilIClJ.     KJi.     Ullj    iCoillto.      V  CLIIL-C 

f'.ni't^PTif'.i n p  wn V   qii pf  't ti H  "H  n v 

^ClJ  Ul  llCj    WcliA.j    iSLlClJ  tlllLl  lltlA. 

Metallic   powder    incorporated  with 
solution  of  silicate. 

1879 

141 

Haddau. 

1879 

402 

Cunnack 

Kaolin  clay  as  a  base  for  the  pigment. 

and  Argall. 

1879 

2518 

Gray. 

Preparation  of  varnish  by  treating  oil 
with  hot  air. 

1870 

JGft'Grics. 

ri'nTKfpT  iiilr       T'i'PqpIp  onrl  crinp 

-LlcllliM-Ci    llllv.        X  i  CclL-iC  clllU.  giult?. 

1879 

4204 

Nesbit. 

Ink  for  c}i6C[U6S.    iVnilins  printing  ink. 

1870 

Gestener. 

^V"(it6r  colour  ti'tinsfGr  ink.  ]\'JixturG 
of  a  water  colour  pigment  in  aniline 
with   g'lyceri n^  vamishj  syrup  and. 
mineral  pigment.  (^JPi'oc.^ 

1879 

4645 

Kesseler. 

Ink  for  zincography.    Pitch,  tar  oil, 
fatty  acid,  aniline  violet  and  residue 

Ti*r\TYi  M  1  tji"!  1 1 Q ^"1  An  r\T  i*r»cin 

1870 

ZI788 
4/00 

Imray 

Transfer  printing  inks. 

187Q 

4997 

Haddaii, 

Tnlr  ■f Ai»   pIt Pfi  11 PQ        Til p1i I'mn n  +  p     f Pi»vr»n a 
J-lliv  l.\JL     Ijllcl UlCo.        X>i L-ill  Ulllcl  tCj  I.CliUUo 

sulphate,    f  errocyanides,  logwood, 
oxalic  acid  and  glycerin.  (Prov.) 

I  870 

Wirth. 

\J\Jil)i    L(vL   dn   UJqIIicIIL'.       \-L  I  iff  .J 

1880 

827 

Plieiderer. 

Ink  for  glass.    Pigments  with  copaiba 
balsam,  Venice  turpentine,  rosin  oil 
and  driers. 

1880 

1028 

Klein. 

Tnl*  "Fni'  ni'infino*  r\il  plr\fTi 

XLllV  iUl    JJllllUlll^  \Jl.l  l^lULll. 

I8SO 

I615 

Alexander. 

Pigment  from  bitumens  and  hydro- 

carbons. Pl^OI'^ 

1880 

1838 

Sachs. 

Use  of  dyeing  substance  in  printing 

1880 

Savi^ny  and 
Collineau, 

TTgp   c\t  q    crvppinl    x'PO'pi'oVvl 0  /^r»l/'\m'ino*— 

OC    Ul.    Oi     OpCL-itli     V           Lcl  UlC    L/l     U  Ui  IUq 

matter. 

1880 

2216 

Kessseler. 

Tnlr    Ti*mYi     TM^"Pn     Tti  +  fTr     ipi/i  nnilinp 

■\^l^\lp^"    Qnrl  r\il 
VHJiCL,  tXlid.  Lcii  oil. 

1880 

3418 

XJng'erer. 

Colo uring  composition  for  impression 
rollers.  (^Pruv!) 

1880 

4591 

Bertram. 

Flexible  ink.   Aniline,  acetic  acid,  glu- 
cose, glue,  glycerin  and  water. 

1880 

4693 

Bastand. 

Use  of  oil  from  cotton  waste. 

1880 

4846 

Witt. 

Ink  for  calico  printing. 

1880 

4874 

Boult, 

Ink  for  celluloid.    Aniline  colours  in 

carbolic  acid. 

1881 

375 

Dupre  and 

Ink  for  cheques. 

Hehner. 
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Date. 

No. 

Name. 

Subject-matter. 

i88i 

436 

Poii'Son. 

Transfer  ink  for  leather,  &c.  Con- 

taining salts  melting  in  their  water 
of  crystallisation,  e.g.,  alum  or  sodium 
sulphate. 

iSSi 

814 

Marie  and 

Use  of  nitric  esters  of  sugars.  QPror.') 

Bonneville. 

1881 

903 

Gard  and 

Use  of  tannin  black  from  leather  waste 

Cobley. 

as  lamp-black  substitute. 

1881 

1002 

Longshaw 

and 
Priestnian. 

Tannin  black  from  spent  tan  liquors. 
(Pror.) 

1881 

1203 

Brackebusch. 

Printer's  varnish  without  linseed  oil. 

Colophony  and  parafSn  oil.  {Pror.) 

1881 

2103 

Bastand. 

Use  of  oil  extracted  from  engine  cotton 

waste. 

1881 

2274 

W.  G. and 

Polychromatic  printing  ink  containing 

R.  R.  White. 

aniline  dj'e-stuii's,  &c. 

1881 

2868 

Jensen. 

Ink  from  pitch,  anthracene  oil,  tar  oil, 
aniline  colour  and  lubricating  soap. 
(Void.) 

1881 

3410 

Meihe. 

Fireproof  printing  ink.   Use  of  asbestos 

powder. 

1881 

3605 

Guruey. 

Tannin  black  from  waste  tan  liquors. 

1881 

3657 

Saclis. 

Ink  for  impressions  of  patterns.  Chro- 

mium compound,  &c. 

1881 

3762 

Clark. 

Autographic  transfer  ink.  Contains 

proteids,  bichromates,  ferrocyanides 
and  alums. 

1882 

728 

Eeissig. 

Indelible  printing  ink.     Linseed  oil 

varnish,  lamp-black,  and  ferric  chlo- 
ride.  [Prov. ) 

1882 

3086 

Wirth. 

Manganese  peroxide  as  pigment. 

1882 

3248 

Gibson. 

Metallic  inks.    Metallic  powder  mixed 

with  naphtha  and  solution  of  rubber 
in  carbon  bisulphide. 

1882 

4106 

Glaus. 

Iron  sulphide  incorporated  with  rosin, 

gum,  or  fused  sulphur. 

1883 

Nesbit. 

Ink  for  cheques.    Use  of  decoction  of 

alkanet  root. 

1883 

3638 

Lake. 

Ink  for  india-rubber  goods.  Caout- 

chouc, naphtha,  red  lead,  and  sul- 
phur. 

1864 
1885 

2268 

Baseley. 

Grinding  mills. 
Pigment  from  sugar  scum. 
Varnish  from  seed  oil,  rosin,  paraffin 
wax,  beeswax,  and  copal  varnish. 

9249 

Wass. 

1885 

9413 

Macrone. 

1886 

606 

Rousset. 

Varnish  for  fixing  transfers.  Mineral 
pitch,  heavy  benzine,  and  copaiba 
essence. 
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Date. 

No. 

Name. 

1886 

1887 

1076 

Schlum- 
berger. 

1887 

17,925 

Groth. 

1888 

3321 

Bensinger. 

1000 

XOOO 

^5)457 

^^Gilsou, 
Harrap  and 
Brown. 
J  on6s. 

1889 

6287 

Weight. 

1889 
1889 

8971 
15,839 

Mills. 
Browne. 

I009 
1890 

20,830 

11,168 

Huelser. 
Holt. 

1890 

15,743 

Davison. 

1890 

16,689 

Lake. 

1890 

16,757 

Just,  Weiler, 
and  Heide- 
priem. 

189I 

873 

Hudson  and 
Hills. 

1891 

12,104 

Brandt. 

189I 
I89I 

12,200 
17,635 

Bertling. 
Dreyfus. 

1892 

12,280 

Chamberlain. 

Subjyct-mattcr. 


Lithographic  ink  of  intense  colour. 
Venetian  soap,  wax,  mastic,  shellac, 
Venice  turpentine,  lamp-black  or 
soot  rubbed  with  water  for  use. 

Addition  of  vegetable  colouring-matter 
(alizarine)  altering  colour  on  addition 
of  alkali.  ^Opposed  and  not  granted.') 

Antiseptic  ink.  Aniline  black  in 
aniline,  carbolic  acid,  &c. 

Ink  for  celluloid.  Aniline  dye-stuff  in 
carbolic  or  acetic  acids. 

Antiseptic  ink.  Use  of  permanganate 
or  pigments  used  in  sanitary  wall- 
paper. 

Invisible  printing  ink.  Cobalt  salt  in 
dilute  alcohol.  Inking  rollers  to  be 
covered  with  absorbent  material,  e.g., 
flannel. 

Sanitary  ink.  Part  of  paper  rendered 
transparent  with  "medicating  oil." 

Sanitary  ink.    Addition  of  antiseptic. 

Use  of  semi-fluid  bitumen  (maltha) 
with  or  without  black  pigment. 

Use  of  fine  coal  dust  as  pigment. 

Ink  from  residue  from  distillation  of 
petroleum  witli  resin,  gum,  and  pig- 
ment. 

Imitation  metallic  printing  inks.  Nitro- 
benzene aniline  product,  picric  acid, 
varnish,  spirit,  soap,  rosin,  &c. 

Non-clogging  ink.  Vaseline,  fatty  oil, 
and  pigment. 

Ink  for  cheques,  ifcc.  Black  from  sugar, 
or  carbon  black,  caustic  potash,  oxalic 
acid,  Indian  ink,  vanadium  com- 
pound, galls,  gum  arable,  aniline 
colour,  and  water. 

Antiseptic  ink.  Permanganate  or 
eucalyptus,  ifcc,  with  glutinous  com- 
pound. 

Zincographic  ink.  Antimony  black, 
bone  black,  resins,  strong  varnish, 
Berlin  blue  and  ordinary  printing 
ink. 

Lithographic  transfer  ink. 
Eesinates  of  coal  tar  dye-stuffs  used  as 
pigments . 

Ink  for  cartridge  case.  Varnish,  pig- 
ment, and  drying  oil. 
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-893 
893 
894 
894 
894 


895 

-895 

89s 


No. 


Name. 


896 

896 
-897 
897 


7263 
12,863 

6268 
13,676 
20,423 


955 

6938 


17, 


8376 


16,274 

18,131 
26,992 

30,121 
7399 


Blancan. 

Bibby. 

Degroote  and 
Aulnois. 
Cai-deaux. 

Barmvell. 


Priestley  and 
Swann. 
Thacker. 


Hallet. 

Taylor  and 
Cooke. 


Torrance. 
Sharp. 


Michel- 
Dansac  and 
Chassagne. 

Webb. 


Boult. 
Gentele. 


Subiect-miitter. 


9 1 21  Taylor. 


Metallic  ink.  Aluminium  powder  with 
protective  varnish. 

Use  of  cotton  seed  "foots"  with  other 
usual  ingredients. 

Colour  printing  ink.  Pigment,  boiled 
linseed  oil,  siccative  and  caoutchouc. 

Printing  from  raised  type  on  tin  foil. 
Addition  of  vaseline  to  ink. 

Printing  several  colours  in  one  im- 
pression. Inks  in  strips  on  rollers 
prevented  from  mixing  by  addition 
of  castor  oil,  turpentine,  tar  oil, 
copaiba  balsam,  sulphuric  ether,  am- 
monia, and  ipecacuanha. 

Metallic  inks.  Bronze  powder,  &c., 
with  varnish  and  lard  or  fat. 

Inks  for  wood,  canvas,  paper,  &c. 
Surface  covered  with  coloured  layer 
which  can  be  removed  by  suitable 
chemicals.    (Cheque  ink.) 

Printing  ink  for  imitation  type- 
writing.   Aniline  dye-stuflf  used. 

Printing  in  several  colours  in  one  im- 
pression. Inks  prevented  from 
mixing  by  addition  of  copaiba  bal- 
sam, glycerin,  sandal  wood  oil,  petro- 
leum, turpentine,  tincture  of  myrrh, 
chloroform,  and  ammonia. 

Grinding  and  mixing  mill.  Differen- 
tial gearing  for  rotating  rollers  at 
different  speeds. 

Metallic  ink  suitable  for  stencil 
machines.  Metallic  powder  with 
gum  arable,  linseed  oil,  rosin  oil,  dex- 
trin, red  lead,  litharge  and  turpentine. 

Coloured  ink.  Albumen  preparations 
with  specified  coloured  pigments. 

Safety  ink  for  copper  and  steel  plate 
printing.  Aniline  colour  in  base 
of  flour  and  magnesium  oxide  with 
sodium  carbonate  and  soap. 

Metallic  ink  direct-or").  Varnish 
and  oils,  rosin,  &c.,with  bronze  powder. 

Cellulose  or  wood  powder  as  sub- 
stratum for  colour. 

Printing  in  several  colours  simultane- 
ously. Addition  of  powdered  man- 
ganese and  alcohol  to  substances 
enumerated  in  Pat.  8376  of  1896. 
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Date. 

Xo. 

Name. 

Subject-m.ittcr. 

1897 

18,533 

Ogilvy. 

Mixed  pigments  and  varnish  incorpo- 
rated by  use  of  superheated  steam 
or  steam  under  pressure,  and  volatile 
products  condensed. 

1897 

^9,753 

Webb. 

Fugitive  safety  ink.  Base  of  dextrin 
and  treacle  with  glycerin,  aniline 

1897 

23,080 

dye-stuff  and  antiseptic  agent. 

Hadley  and 
Sephton. 

Ink  for  etched  designs  on  glass,  kc. 
Contains  wax,  Canada  balsam,  soap, 
and  lamp  black. 

1897 

24,504 

Stoop. 

Substitute  for  linseed  oil.  Use  of 
drying  mineral  oils,  e.r/.,  grisee  oil. 

1897 

29,728 

Banner. 

Substitute  for  linseed  oil.  Colophony 
in  suitable  solvent  wholly  or  pai'- 
tially  saponified  with  caustic  soda 
or  sodium  silicate  ;  or  use  of  lime- 
rosin. 

1897 

30,104 

Burger. 

Inks  used  in  production  of  colour 
—    prints.  — 

1898 

5294 

Izambard. 

Radiographic  or  X-ray  proof  ink. 
Metallic  or  calcareous  powder  with 
boiled  oil  and  alkali  bromide. 

1898 

Gotlifte. 

Printing  waterproof  fabrics.  Metallic 
^uvvLici  ^^uiL/ivciy  wiLii  egg  diuuxiieu 
or  other  thickening  agent. 

1898 

20,356 

Pitt. 

Use  of  gelatinous  compound  from 
kelp. 

1898 

23,071 

Stoop. 

Use  of  natural  drying  mineral  oil 
(grisee  oil)  in  varnish. 

i8qq 

i'7  c:t;7 
1 133/ 

Printing 

Arts  Co.  and 

colour  printing. 

Orloff. 

1900 

13,145 

White. 

Polychromatic  printing.  Special  sheets 
of  composition  containing  the 
colours. 

1900 

14,886 

Ogilvy. 

Admixture  of  ink  effected  by  heating 
and  mechanical  agitation.  No  mill 
used. 

1900 

17,126 

Hofer. 

Ink  for  printing  transparencies  on 
celluloid.  Pigments  and  mixture  of 
ether,  camphor,  paraffin  oil  and  man- 

17,783 

Stevenson. 

ganese. 

1900 

Printing  designs  changing  colour  on 
exposure.     Use  of  combination  of 

permanent     and  non-permanent 

colours. 

1900 

23,231 

British  Oil 
Mills  Co. 
and  Wass. 

Use  of  residuum  from  purification  of 
cotton-seed  oil. 

Q 
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1901 

1901 

1901 

1901 
1901 

1 901 
1902 


Xo. 


1366 

5168 
6061 

8645 
12,826 


23,892 
8371 


Xaine. 


Hoz. 

Imray. 

Wass. 

Tellkamp. 
Wechsler. 


Lilienfeld. 
Schmiedel. 


Subject-matter. 


Use  of  dyeing  pigments  and  develop- 
ment and  fixing  of  printing  on  the 
fabric. 

Use  of  iodophenolthiosulphonates  as 
pigments. 

Use  of  solution  of  rosin  in  mineral 

oil  as  varnish. 
Autographic  ink. 

Lithographic  printing.  Ink  for  con- 
tinuous working.  Pigment,  varnish, 
glycerin,  alkali  salt,  tartar,  and 
turpentine. 

Fixing  varnish  for  pigments  for  textile 
fabrics. 

Production  of  dark  shade  on  coloured 
ground.  Use  of  a  solution  of  a  resLn 
with  or  without  glycerin. 


INDEX. 


Acidity  of  inks    .  . 

123 

Acorn  galls  .  . 

45 

Alder  bark  .  . 

65 

Aleppo  galls    .    .  . 

38 

Algarobilla  .  . 

66 

tannin  .  . 

62 

Alizarine 

175,  177 

in  marking  inks 

205 

in  printing  inks 

176 

orange 

174 

176 

yellow 

174 

"  Alizarine  "  inks 

•  13 

,  94 

Alumina    for  printing 

inks  

165 

Aluminium  powder 

in 

inks  

212 

Anacardic  acid 

196 

Anacardium  occidentale 

195 

orientale  . 

193 

Andre's  apparatus  . 

145 

Aniline  black  inks 

1 1 1 

copying  inks 

189 

dye-stuffs,  fugitive- 

ness  of 

1 16, 

172 

in  gall  inks 

97 

ink  powders  . 

220 

marking  inks 

203 

printing  inks 

172 

writing  inks  . 

13, 

115 

Antwerp  blue  . 

115 

Aphides  of  galls  . 

45 

Apples  of  Sodom  . 

49 

"  Art  shades  "  in  print- 
ing inks   177 

Aspergillus  niger  ...  67 
Atramentum  .  .  .  .  7,  35 
Aureolin  1 15, 173 

Baildon's  safety  paper  213 

Ballande's  safety  paper  213 

Bank-notes,  ink  for  .    .  183 

Baryta  white  .    .    .    .  174 

Bassorah  galls  ....  48 
Baudrimont's  soluble 

glass  ink   209 

Beau  Chesne's  book  .  .  12 
Bichromate  logwood 

inks   107 

marking  inks     .    .  202 

Bistre     .    .    .    .    ,    .  136 

Black  for  printing  inks  .  1 50 

>,      ,y            mixing  160 

printing  inks     .    .  151 

writing  inks      .    .  87, 

99,  109,  III 

Bleaching  writing      .    .  127 

Block  books    ....  134 

Blue  aniline  inks  .    .  117,  220 

galls   38 

paper   213 

pigments  .    .      115,  176 

printing  inks     ,    .  176 

sympathetic  inks   .  215 

writing  inks  .    .    .  114 


Blue-black  inks    .    13,  94,  97 


244 


INDEX 


Blue-green  inks  . 

97 

Chinese  ink,  tests  of 

32 

141 

Chinese  printing  .  . 

133 

Boiling  apparatus 

145 

Chrome  logwood  inks  . 

105 

processes  .... 

142 

115, 

Books,  block  .... 

134 

174,  175 

Dutch  

135 

Chromium  oxide  . 

115 

early  printed 

134 

Clerk-Maxwell's  curves 

I  So 

German  .... 

135 

Coal-tar  colours  for  inks 

115 

Italian      .    .  . 

135 

Coarse-grain  screens  . 

170 

Brazil  wood     .    .  .113, 

114 

Cobalt  in  printing  inks  . 

177 

Breton's  method  (print- 

salts  in  sympathetic 

138 

inks  

215 

British  galls  .... 

46 

Cochineal  in  inks    .    1 13,  176 

Brown  madder 

176 

Colour,  diagrams  of  .  . 

170 

pigments  for  print- 

photographic  falsi- 

178 

ing  ink  .... 

177 

fication  of  . 

Burnt  oil    ...    .  142,  i4S 

theory  of  ...  . 

I  70 

Sienna      .    .  .115 

175 

curves  .    .    .•  . 

I  80 

screens     .    .    .  . 

I  80 

Cadmium  orange  . 

175 

Coloured  light .    .    .  . 

181 

115 

pigments  .    .    .  . 

181 

Cancelling  ink  .... 

223 

printing  mks     .  164,167 

Carbon  blacks  .... 

153 

screens     .    .    .  . 

179 

examination  of 

157 

writing  inks  . 

I  12 

inks     .    .    .    5,  34,  207 

Colours,  fugitive  .    .  . 

173 

transition  to  . 

9 

permanency  of  .  1 1 

5,172 

196 

Consular  diptychs 

4 

Carmine .    .    .    .  115 

,  176 

Copper  logwood  ink  .  . 

105 

Cashew  nut     .  . 

195 

marking  inks 

203 

52 

Copying  apparatus  . 

191 

51 

ink  pencils 

1 90 

Cheque  inks  .... 

183 

inks  .... 

186 

Chestnut  bark  .... 

52 

papers 

190 

extract  .... 

52 

Coriaria  myrtifolia  . 

56 

ink  from  .    .    .   54,  119 

thymifolia 

1 92 

54 

Corrosiveness  of  inks  .  96,  123 

tannins     .    .    .    51,  S3 

Crimson  lake  .    .    .  115,  173 

Chinese  galls  .... 

40 

Cuthbert,  Gospels  of  St. 

.  8 

aphis  of  . 

45 

Cuttle-fish  .... 

15 

Chinese  ink 

5,  23 

17 

composition  of 

33 

ink  from  . 

18 

manufacture  of 

28, 

ink-sacs  of 

IS 

30 

species  of  . 

18 

qualities  of 

31 

Cynipidae  .... 

36,  47 

INDEX 
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Damajavag 
Dandelion  juice  . 
Dieterich's  school  ink 
Digallic  anhydride  . 
Divi-divi  .... 

ink  from  . 

tannin  of  . 
Domestic  ink-making 
Double-tone  inks  . 
Dried  inks  . 
Driers 

Drop  black  . 
Drying  oils  . 
Durham  book 
Dutch  books 

printing  ink 


54 
198 
108 
66,  67 
-57 
59 
58,  62 
10 
178 
221 
142 

153 
141 
8 

135 
137 


Egyptian  papyri .  . 
Electric  process  of  mak- 
ing varnish  .  .  .  .  149 
Elizabethan  inks  ...  1 1 
Ellagic  acid  .  .  .  5 1 ,  68 
Ellagitannic  acid  .  58,60,62 
Emerald  green  .  •  115,  177 
English  books  .  .  .  .  133 
Eosine  inks  .  .  .116, 
Examination   of  hand- 


117 


writing  . 
inks  . 

marking  inks 


Fertel's  printing  ink 
Fireproof  inks  . 

papers  .  . 
Flake-white 
Flea-seed  galls 
Fluidity  of  inks 
Forged  handwriting 

detection  of 
Frankfort  black 
French  galls 
Fugitive  colours 


124 
119 
205 


137 
225 
226 
174 
36 
120 
126 
127,130 
153,  158 
.  48 
•  173 


Gall  aphides 


40,  44,  45 


Gall  inks  

wasps   .    r    .    .  36 

Gallic  acid  

inks  .  .  .  96, 
reactions  of 

Gallotannic  acid  . 

composition  of 
determination 
of  ...  . 
fermentation  of 


properties  of 
reactions  of 

Galls  . 

acorn  . 

Aleppo 

Bassorah 

blue 

Chinese 

French 

green  . 

Japanese 

Knoppern 

Levant 

manufacture  of  ink 
from 

Mecca  . 

oak-apple 

origin  of 

proportions  for  ink 

Piedmontese 

pistachio 

red  . 

Smyrna 

tamarix 

tannin  in 

Turkey 

white  . 
Gamboge 
Gas-blacks  . 

composition  of 

manufacture  of 
German  black  . 

books  .    .  . 


87 

47 
68 
103 
69 
66 
67 

80 

43, 
67 
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INDEX 


German     ink  regula- 

lations     .    .    .    .    14,  119 

Glass ,  inks  for  writing  on  223 

Glycerin  in  inks    .    .    .  187 

Gold  inks   113 

marking  inks     .    .  201 

Graphite  ink    ...    .  226 

Green  galls   38 

pigments  .    .    .    .  US 

printing  inks  .  .  117 
writing  inks,  112,  114,117 

Green-black  ink   ...  97 

Griessmayer's  reaction  .  70 

Grinding  machines   .    .  162 

Grisel  oil   1 5° 

HiEMATEiN   10 1 

inks   108 

Haematoxylin  .     .    .  74,  100 
ink  powders  .    .    .  220 
Half-tone  dot      .    .    .  182 
process  block     .    .  169 
Handwriting,  differen- 
tiation of       .    .  127 
examination  of  .    .  1 24 
forged      ....  126 
methods  of  bleach- 
ing   127 

Hemlock  tannin  ...  52 

Herberger's  safety  ink  .  209 

Herculaneum  fragments  4 

Hop-stalk  juice    .    .    .  198 

Hydrocarbon  blacks  .  153 
Hydrogen  peroxide  as 

reagent  for  tannin     .  7 1 

Hydrofluoric  inks     .    .  223 

Indian  ink   5)  23 

composition  of  33 

examination  of  32 
manufacture  of  28, 
30 

practical  tests 

of  ...    •  32 


Indian  ink,  qualities  of  3 1 
marking  nut  .  .  .  193 
red      ...  .115,176 

yellow  115 

Indigo  1 1 5,  204 

detection  of  .    .    .  121 
in  "Alizarine  "  inks  94 
in  coloured  inks     .  114 
in  printing  inks  .    .  I77 
permanency  of  94,173 
Indigotin  marking  inks  .  204 
Indulin  inks     .    .    .    •    1 1 1 
Ink  deposits    ....  89 

plant  192 

powders    ....  219 

tablets  219 

Ink-forming  substances  72 
Inks,  action  on  pens  .    .  123 
"  Alizarine  "     .     i3>  94 
aniline  .    .     13,  iii,  115 

carbon  5  >  ^  5 

coloured  printing,  164, 167 
writing  .  .  .  112 
composition  of  .  .  121 
copying  .  ,  .  .  186 
examination  of  .  .  119 
for  special  purposes  219 
influence    of  light 

and  air  on  .    .    .  74 
logwood    ....  99 
marking   .    .    .    .  192 
printing    .    .    .    .  132 
properties  of  good  .  119 
vanadium      .    .    .  109 
vegetable  .    .    .    .  192 
Iron-blueing  tannins,  50,52,66 
Iron  deposits  from  ink,  78,  89 
greening  tannins, 50, 52,63 
tannates  .    .    75,  76,  79 
Iron- gall  inks  .    .    .    .  7,9 
composi- 
tion of  .  121 
examina- 
tion of  .    1 19 


INDEX 


Iron-gall  inks,  manufac- 
ture of  . 
old  formu- 
lae for  . 
oxide  (intermediate 
blue)     .  . 
(pigment) 
Isatin  inks  . 
Isochromatic  plates 
Isohasmatein  . 
Italian  books  . 
Ivory  surfaces,  inks  for 

Japan  inks  ....  5 

Japanese  galls  .    .  . 
aphis  of  . 
ink  from 
tannin  of  . 

Jeserich's  photographic 
method  . 

Jet  black    .    ,  . 


Kettles  for  boiling  oil 


Key  blocks  .  ,  . 
King's  yellow  .  . 
Kino  

tannin  . 
Knoppern  . 

ink  from  . 

Lamp-black  . 
calcining  . 
composition  of 
examination  of 
furnaces  . 
manufacture  of 
purification  of 
substitutes  for 
varieties  of  . 

Larch  .... 

Leather,  inks  for  . 

Lehmann's  mills  . 

Lindisfarne  Gospels 


87 

93 

75 
176 

94 
179 
102 

135 
225 

,  121 
43 
45 
92 

44 

131 
153 

145, 
146 

183 
174 
65 
51 
45 
46,  65 


24 
156 
24,  157 
157 
152 
5,  151 
155 
153 
28 

65 
225 
162 


Linolenic  acid  . 

Linolic  acid 

Linseed  oil  .    .  . 

substitutes 

Lithographic  ink  . 
varnish 

composition 
varieties  of 

Logwood 

detection  of 
extract 
in  gall  inks 
in  patent  inks 
ink  powders 
inks     .  . 


of 


247 

141 
141 
141 

ISO 
164 
141 
145 
144 

99 
128 
100 
102 
108 
219 
103 


Madder 

carmine  . 
lake 

Manganese  marking  ink 
Manuscripts,  Anglo- 
Saxon  . 

British     .  . 

deciphering  . 

ink  of  old 

Spanish    .  . 
Marking  ink  pencils 

inks 

alizarine 

aniline  . 

chemical 

examination  of 

patent  . 

vegetable 
Marking  nut  . 
Melanin  from  sepia 
Metagallic  acid 
Metals,  ink  for 
Milton's  Bible  .  . 
Mixing  machines  . 
Molybdic  marking  ink  . 
Moxon's  "  Mechanick  Ex- 
ercises "  ijQ 

Murex  


175 
176 
182 
203 

34 
8 

124 
!,  10 
8 

205 

IQ2 
205 
203 
199 
205 

233 
192 

193 
19,  21 

50,  53 
224 

9 
160 
202 


248 


INDEX 


Myrobalans 
ink  from 
tannin  of 


59 
60 
60 


Naples  yellow     .  . 

•  173 

Newspaper  ink     .  . 

160 

Niger-seed  oil  .  . 

.  141 

1 1 1 

128 

Non-drying  oils  . 

.  141 

Nut  galls     .    .  . 

38,  86 

of 


Oak-apple  galls  . 

ink  from 
Oak-bark,  amount 
tannin  in  . 

ink  from  . 

tannins 

reactions  of 

Oak-red  

Ochre  .  .  .  .  • 
Oils,  boiled  .... 

process  of  boiling 

used  for  varnish 
Olive  green  .... 
Orange  pigments  .  . 
Overlays  .  .  .  • 
Oxidised  gall  extract 

linseed  oil     .  . 

tannin  solution  . 
Oxygen    treatment  of 
oils 

Ozone     treatment  of 
oils 


46 
47,92 


Painters'  pigments 
Palimpsests     .    .  • 

deciphering  .  . 
Paper,  composition  of 
Papyri  

Egyptian  . 

Greek  .    .  , .  • 


64 

65 
I,  63 
64 

63 
178 

145 
142 
141 

115 
177 
170 

96 
149 
q6 


149 

168 

125 
126 

9 
.  5 
I 
2 


Papyri,  Herculaneum  .  4 

Paris  green  I77 

Patents,  list  of  .  .  .  227 
Peach  black  ....  28 
Peerless  black  .  .  ...  153 
Pencil  for  copying  .  _  .  1 90 
marking  \.  .  205 
writing  on 

glass  .....  223 
Penicillium  glauciam  .  67 
Pens,  action  of  ink  on  .  123 
Permanent  blue  ,    ...  . .  115 

inks  212 

Persian  berries     .    .    .  114 
red  .    .    ..    .    .    .  176 

Photographic  detection 

of  forgery  .    .    .  131 
examination  of 

writing  ....     1 30 

reproduction  of 

coloured  objects  .  179 
Piedmontese  galls  .  .  45 
Pigments,    black,  for 

printing  .  .  .  151 
for  trichroniatic 

printing  .  .  .  182 
peculiarities  of  .  .  172 
permanency  of  .    .  172 

pure  181 

Pink  madder  .  .  .  .  176 
Pistachio  galls  ...  48 
Platinum    in  fireproof 

inks  .  .  .  .  .  226 
in  marking  inks  .    .  204 

Poison  ivy  196 

oak  196 

sumach  .  .  .  .  19^ 
Poppy  juice  .  .  .  .  19^ 
Printed  books  ....    1 34 

Printing  132 

different  colours  in 
one  impression   .  240 

inks  132 

coloured     ,    .  167 


INDEX 


Priinting,     inks  early 
methods  of 
manufacture 
modern 

methods  of 
manufacture 
patent   .    .  . 
Process  work  .... 
Procter's  method  of  es- 
timating tannin     .  . 
Protocatechuic  acid  .  . 
Provisional    colour  in 
marking  inks 
in  writing  inks 
Prussian  blue  .    .  .115 
"  P'ulp  "of  printing  ink 
Puirple  ink  .    .    .  .112 

madder  .  .  .  115,  176 
pigments  for  printing 


136 


139 
234 
169 

80 
74 

199 

93 
176 
162 
114 


inks 


177 


Purpurine  17^ 

Pyrocatechin  ....  74 
Pyrogallol   .    .    .    .    72,  74 

Quack '.s  mixing  machine  161 
Quebracho  tannin     .    .  52 

•  57 
.  66 


Quercetrin 
Quercitannic  acid 

Raw  Sienna  . 
Red  galls    .    .  . 
pigments  .  . 

printing  ink  . 

writing  inks  1 1 2 
Redwood's  marking 
Resin  inks  for  glass 
Resinous  safety  inks 
Resorcin  ink 
Rhus  copallina 

coriaria 

cotinus 

glabra  .  . 

radicans  . 

toxicodendron 


115,  175 


IIS,  17s 

•  175 
.113,  117 
ink  199 

•  223 
.  208 
.  128 

•  56 

■  55 

■  56 
56 

198 
196 


Rhus  venenata 

vernicia    .  . 
Roman  ochre  . 
Rose  madder  . 
Rubber  stamp  inks 
Rubrics  .... 
Rufigallic  ink  .  . 
Runge's  chrome  ink 

Safety  inks    .  . 
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Breakwater  Construction.  —  Pierheads,  Quays,  aud  Lauding  Stages.  — 
Entrance  Channels. — Channel  Demarcation.— Index. 

"  The  best  and  most  complete  book  we  have  seen  on  the  suhiect."— Steamship. 

"This  is  a  standard  work  .  .  .  sure  to  prove  a  valuable  book  of  reference."— 
Shipping  World. 


In  Large  Crown  8vo.    Handsome  Cloth.    4s,  6d,  net. 

THE  THERMO-DYNAMIC  PRINCIPLES  OF 
ENGINE  DESIGN. 

By  LIONEL   M.   HO  BBS, 

Engineer-Lieutenant,  R.N.;  Instructor  in  Applied  Mechanics  and  Marine  Engine 
Design  at  the  Eoyal  Naval  College,  Greenwich. 

"Serves  its  purpose  admirably  .  ,  .  should  prove  of  invaluable  service  .  .  .  well 
\iT?-to-date."—Shippin(r  World. 


In  Large  8vo.    Cloth.    Fully  Illustrated.    10s,  6d,  net. 

THE   PROBLEM  OF  FLIGHT. 

By  HERBERT  CHATLEY,  B.So.(Eng.),  London, 

Lecturer  in  Applied  Mechanics.  Portsmouth  Technical  Institute. 
Contents.— The  Problem  of  Flight.  — The  Helix.  — The  Aeroplane.  —  The  Aviplane.— 
Dirigible  Balloons.— Form  and  Fittings  of  the  Airship.— Appendices  (The  Possibility  of 
Flight,  Weight,  A  Flexible  Wing,  Iheory  of  Balance,  Bibliography).— lsvns.yi. 
■  "  An  epitome  of  the  knowledge  available  on  the  subject."— Scoismaw. 
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In  Handsome  Cloth.   With  252  Illustrations,    15s.  net. 

THE  THEORY  OF  THE  STEAM  TURBINE. 

A  Treatise  on  the  Principles  of  Construction  of  the  Steam  Turbine, 
with  Historical  Notes  on  its  Development. 

By  ALEXANDER  JUDE. 

Contents —Fundamental. — Historical  Notes  on  Turbines. — The  Velocity  of  Steam. — 
Types  of  Steam  Turbines. — Practical  Turbines. — The  Efficiency  of  Turbines,  Type  I. — 
Trajectory  of  the  Steam. — Efficiency  of  Turbines,  Types  II.,  III.  and  IV. — Turbine  Vanes.— 
Disc  and  Vane  Friction  in  Turbines. — Specific  Heat  of  Superheated  Steam. — Strength 
of  Rotating  Discs. —  Governing  Steam  Turbines. — Steam  Consumption  of  Turbines. — The 
Whirling  of  Shafts. — Speed  of  Turbines.— Index. 

"  One  of  the  latest  text-books  .  .  •  .  also  one  of  the  best  .  .  .  there  is  absolutely 
nojpadding." — Sir  iVilliam  White  in  the  Times  Engineering  Supplement. 


In  Large  Crown  8vo,    Handsome  Cloth.    With  131  Illustrations.   6a.  net. 

LECTURES  ON  THE  MARINE  STEAM  TURBINE. 

Br  Prop.  J.  HABVAED  BILES,  M.Inst.N.A., 

Professor  of  Naval  Arcbitecture  in  the  University  of  Glasgow. 

"This  is  the  best  popular  work  on  the  marine  steam  turbine  which  has  yet  appeared." — 
Steamship.   

Works  by  BRYAN  DONKIN,  M.Inst.C.E.,  M.Inst.Meeh.E.,  &e. 

Fourth  Edition,  Revised  and  Enlarged.    With  additional  Illustrations. 
Large  8vo,  Handsome  Cloth.    25s.  net. 

A   TEXT-BOOK  ON 

GAS,  OIL,  AND  AIR  ENGINES. 

By  BRYAN  DONKIN,  M.Inst.C.E.,  M.Inst.Mech.E. 

"The  best  book  now  published  on  Gas,  Oil,  and  Air  Engines." — Engineer. 


In  Quarto,  iiandsome  Cloth.    With  Numerous  Plates.  25s. 

THE  HEAT  EFFICIENCY  OF  STEAM  BOILERS 

(LAND,  MARINE,  AND  LOCOMOTIVE). 

By  BRYAN  DONKIN,  M.Inst.C.E. 

General  Contents.— Classification  of  Different  Types  of  Boilers. — 425  Experiments  on 
English  and  Foreign  Boilers  with  their  Heat  Efficiencies  shown  in  Fifty  Tables. — Fire 
Grates  of  Various  Types  — Mechanical  Stokers.— Combustion  of  Fuel  in  Boilers. — Trans- 
mission of  Heat  through  Boiler  Plates,  and  their  Temperature. — Feed  Water  Heaters, 
Superheaters,  Feed  Pumps,  &c. — Smoke  and  its  Prevention. — Instruments  used  in  Testing 
Boilers. — Marine  and  Locomotive  Boilers. — Fuel  Testing  Stations. — Discussion  of  the  Trials 
and  Conclusions. — On  the  Choice  of  a  Boiler,  and  Testing  of  Land,  Marine,  and  Locomotive 
Boilers. — Appendices. — Bibliography. — Index. 

"  Probably  the  most  kxhaustivb  resuniM  that  has  ever  been  collected,  A  psactioai 
Book  by  a  thoroughly  practical  man." — Iron  and  Coal  Trades  Review. 

In  Large  Crown  8vo.    Cloth.    Fully  Illustrated. 

SUCTION  GAS  PLANTS. 

By  Prof.  C.  A.  SMITH,  of  the  East  London  Technical  College. 

Contents. — Introduction. — Details  of  Coustruotiou. — Fuel  and  Testing. — Application 
and  Uses  of  Suction  Plants. — Working  the  Plant. — Typical  Plants.- Plants  for  Special 
Purposes.— Total  H.P.— Cost  of  Gas  Production.— The  Gas  Engine.— Appendices.— INDEX. 
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Fourth  Edition,  Revised.    Pocket-Size,  Leather,  12s.  6d. 

BOILERS,  MARINE  AND  LAND: 

THEIR  CONSTRUCTION  AND  STRENGTH. 

A  Handbook  of  Rules,  Formulae,  Tables,  &o.,  relative  to  Materials, 
Scantlings,  and  Pressures,  Safety  Valves,  Springs, 
Fittings  and  Mountings,  &o. 
FOR  THE  USE  OF  ENGINEERS,  SURVEYORS,  BOILER-MAKERS 
AND  STEAM  USERS. 
By  T.  W.  TRAILL,  M.  Inst.  0.  E.,  F.E.  RN., 

Late  Engineer  Surveyor-in-Chief  to  the  Board  of  Trade. 
"  Contains  an  Enormous  Quantity  op  Information  arrranged  in  a  very  convenient  form.  .  . 
A  MOST  USEFUL  VOLUMB  .   .   .   Supplying  information  to  be  had  nowhere  else."— Tfte  £jiflfi»ie«r. 


Sixth  Edition,  Revised.    Large  Crown  8vo.    With  numerous 
Illustrations.    6s.  net. 

ENGINE-ROOM  PRACTICE; 

A  Handbook  fop  Engineers  and  Officers  in  the  Royal  Navy  and  Mepcantile 
Marine,  including  the  Management  of  the  Main  and  Auxiliary 
Engines  on  Board  Ship. 

By  JOHN  G.  LIVERSIDGE,  R.N.,  A.M.I.C.E. 

Contents.— Gen&vsiX  Description  of  Marine  Machinery. — The  Conditions  of  Service  and 
Duties  of  Engineers  of  the  Royal  Navy.— Eatry  and  Conditions  of  Service  of  Engineers  of 
the  Leading  S.S.  Companies, — Raising  Steam  —Duties  of  a  Steaming  "Watch  on  Enginae 
md  Boilers.— Shutting  ofif  Steam, —Harbour  Duties  and  Watches.- Adjustments  and 
Repairs  of  Engines,— Preservation  and  Repairs  of  "Tank"  Boilers.— The  Hnll  and  itf 
Fittings.— Cleaning  and  Painting  Machinery. — Reciprocating  Pumps,  Feed  Heaters,  and 
Automatic  Feed  -  Water  Regulators,  —  Evaporators.  —  Steam  Boats.  —  Electric  Ljgbt 
Machinery. — Hydraulic  Machinery.— Air-Compressing  Pumps.— Refrigerating  Machines 
—Machinery  of  Destroyers.— The  Management  of  Water-Tube  Boilers.— Regulations  fcr 
Entry  of  Assistant  Engineers,  R.N.— Questions  given  in  Examinations  for  Promotion  of 
ifingineers,  R.N. —Regulations  respecting  Board  of  Trade  Examinations  for  Engineers,  &c, 

"  This  VERY  USEFUL  BOOK.  ,  .  .  Illubtkations  are  of  GEBAT  IMPORTANCE  in  a  work 
of  this  kind,  and  it  is  satisfactory  to  find  that  special  attention  has  been  given  in  this 
vaspazt,"— Engineers'  Gazette. 

Fifth  Edition,  Thoroughly  Revised  and  Greatly  Enlarged. 
With  Numerous  Illustrations.    Price  10s.  6d. 

VALVES  AND  VALVE - GEARING  ! 

A  Practical  Text-book  for  the  use  of  Engineers,  Draughtsmen,  and  Students. 
By  CHARLES  HURST,  Practical  Draughtsman. 

Pabt  I.— steam  Engine  Valves.  I    Part  III.— Air  Compressor  Valves  and 

PAKT  II.— Gas  Engine  Valves  and  Gearing. 

Gears.  |    Part  IV.— Pump  Valves. 

"Mr.  Hurst's  valves  and  valvb-obaring  will  prove  a  very  valuable  aid,  and  tend  to  the 
'production  of  Engines  of  scibntific  dbsion  and  bconomical  working.  .  .  .  Will  be  largely 
sought  after  by  Students  and  Designers,"- 2lfar#»«  Engineer. 

"As  a  practical  treatise  on  the  subject,  the  book  stands  without  a  rivnl"  —  Mechanical 
World. 


Hints  on  Steam  Enirine  Desigrn  and  Construction.  By  Charles 
Hurst,  "Author  of  Valves  and  Valve  Gearing."  Second  Edition, 
Revised.  In  Paper  Boards,  8vo.,  Cloth  Back.  Illustrated.  Price 
Is.  6d.  net. 

OoNTKNT.?.— I,  Steam  Pipes.— II.  Valves.— III.  Cylinders.— IV.  Air  Pumps  and  Con- 
densers.—V.  Motion  Work.— VI.  Crank  Shafts  and  PedesUls.— VII.  Valve  Gear.— VIII. 
Lubrication.— IX.  Miscellaneous  Details  —Index. 

"  A  handy  volume  whick  every  practical  young  engineer  should  possess."— 2%«  Model 
Engineer.  
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Third  Edition,  Revised.     With  numerous  Plates  reduced  from 
Working  Drawings  and  Illustrations  in  the  Text.  21s. 

A    MANUAL  OF 

LOCOMOTIVE  ENGINEERINGS 

A  Praetieal  Text-Book  for  the  Use  of  Engine  Builders, 
Designers  and  Draughtsmen,  Railway 
Engineers,  and  Students. 

By  WILLIAM  FRANK  PETTIGREW.  M.Inst.C.E. 

Con<e»i».  —  Historical  Introduction,  1763-1863.  —  Modem  Locomotives  :  Simple,— 
Modem  Locomotives :  Compound.  -  Primary  Consideration  in  Locomotive  Design.  — 
Cylinders,  Steam  Chests,  and  Stuffing  Boxes.— Pistons,  Piston  Bods,  Orossheads.  and 
Slide  Bars.— Connecting  and  Coupling  Bods.— Wheels  and  Axles,  Axle  Boxes,  Hornblocks, 
and  Bearing  Springs.— Balancing. — Valve  Gear. — Slide  Valves  and  Valve  Gear  Details, — 
Framing,  Bogies  and  Axle  Trucks,  Eadial  Axle  Boxes,— Boilers.— Smokebox,  Blast  Pipe, 
Firebox  Fittings.— Boiler  Mountings.— Tenders.-  Railway  Brakes,— Lubrication.— Oon- 
gnmption  of  Fuel,  Evaporation  and  Engine  Efficiency.— Repairs,  Running,  Inspection, 
and  Renewals. — Three  Appendices — Index. 

"The  work  contains  all  that  can  be  lbarnt  from  a  book  upon  such  a  sabjeet.  It 
will  at  once  rank  as  the  standard  woek  upon  this  important  subject."— iJatVway  Magazint. 


In  Large  8vo.    Fully  Illustrated.    8s.  6d.  net. 

LOCOMOTIVE  COMPOUNDING  AND  SUPERHEATING. 

By  J.   F.  GAIENS. 

Contents. — Introductory.— Compounding  and  Superheating  for  Locomotives. — A 
Classification  of  Compound  Systems  for  Locomotives.— The  History  and  Development  of 
the  Compound  Locomotive. — Two-Cylinder  Non -Automatic  Systems. — Two-Cylinder 
Automatic  Systems.— Other  Two-Cylinder  Systems.— Three-Cylinder  Systems.— Four- 
Cylinder  Tandem  Systems. — Four-Cylinder  Two-Crank  Systems  (other  than  Tandem).— 
Four-Cylinder  Balanced  Systems.— Four-Cylinder  Divided  and  Balanced  Systems.— 
Articulated  Compound  Engines. — Triple -Expansion  Locomotives.— Compound  Rack 
Locomotives. — Concluding  Remarks  Concerning  Compound  Locomotives. — The  Use  of 
Superheated  Steam  for  Locomotives. — Index. 

"A  welcome  addition  to  the  library  of  the  railway  engineer." — Engineering  Times. 


In  Large  Svo.    Handsome  Cloth.    With  Plates  and  Illustrations.  16s. 

LIGHT  RAILWAYS 

AT  HOME  AND  ABROAD. 

By  WILLIAM  HENRY  OOLE,  M.Inst.O.E,, 

Late  Deputy-Manager,  North- Western  Railway,  India. 

Contents.— BiBcvLBsion  of  the  Term  "Light  Railvirays."— English  Railways, 
Rates,  and  Farmers.  —  Light  Railways  in  Belgium,  France,  Italy,  other 
European  Countries,  America  and  the  Colonies,  India,  Ireland.— Road  Trans- 
port as  an  alternative.— The  Light  Railways  Act,  1896.— The  Question  of 
(>auge. — Construction  and  Working. — Locomotives  and  Rolling- Stock. — Light 
Railways  in  England,  Scotland,  and  Wales. — Appendices  and  Index. 

"  Will  remain,  tor  some  time  yet  a  Standard  Work  in  everything  relating  to  Light 
Railways. ' Engineer. 

"The  whole  subject  is  exhaustivelt  and  practically  considered.  The  work  can  be 
cordially  recommended  as  indispensable  to  those  whose  duty  it  is  to  become  acquainted 
with  one  of  the  prime  necessities  of  the  immediate  future." — Railway  Oficial  Gazette. 
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In  Crown  8vo,    Handsome  Cloth.    Fully  Illustrated.    6s.  net. 

PRACTICAL  CALCULATIONS  FOR  ENGINEERS. 

By    CHARLES    E.  LARARD, 

A.M.Inst.C.E.,M.I.Mech.E.,  Wh.Exh., 
Head  of  the  Mechanical  Engineering  Department  at  the  Northampton  Institute,  London,  E.G. 

And   H.   a.   GOLDING,  A.M.I.Mech.E. 

Contents.— Section  I.— Contracted  Methods  of  Calculation.— Technical  Mensura- 
tion .-Practical  Calculation  by  Logarithms.— The  Slide  Rule  and  its  Applications.— 
Squared  Paper  and  its  Uses.  Section  II.— Pulleys  and  Wheels  in  Train.— Speed  Ratios 
and  Practical  Examples.— Principle  of  Moments  Applied  to  Practical  Problems.— Work 
and  Power.— Energy  and  Speed  Fluctuations.— Transmission  of  Work  through  Machines. 
— Friction  and  Efficiency.— Transmission  of  Power.— Shafting.— Motion  on  a  Circle.— 
Momentum,  Acceleration,  and  Force  Action.  Section  III.— Temperature  Scales.— Units 
of  Heat.— Specific  Heat.— Heat  and  Work.— Heat  Value  of  Fuels.— Heat  Losses  in  Engine 
and  Boiler  Plant.— Properties  of  Steam.— Moisture  and  Dryness  Fraction.— Steam  and 
Fuel  Calculations.— Boiler  Efficiency.- Size  of  Boiler.— Engine  Calculations.— Power, 
Indicated  and  Brake.— Calculations  for  Dimensions.— Steam  Consumption  and  Willans 
Law.— Efficiencies,  Comparative  Costs  of  Power  Production.— Commercial  Efficiency. 
Section  IV.— The  Commercial  side  of  Engineering.— Calculation  of  Weights.— Division 
of  Costs,  Material  and  Labour,  Shop  Charges  and  Establishment  Charges.— Estimates.— 
Profit.- Use  of  Squared  Paper  in  the  Estimating  Department  and  to  the  General 
Management. 

"Exactly  what  it  should  be  in  order  to  make  it  useful  to  students  and  practitioners  of 
enginewms.— Manchester  Guardian. 


Sixth  Edition.    Folio,  strongly  half-bound,  2Js. 

TRAYERSE    TABLES : 

Computed  to  Foup  Places  of  Decimals  for  every  Minute  of  Angle 
up  to  100  of  Distance. 
For  the  Use  of  Surveyors  and  Engineers. 

By   RICHARD  LLOYD  GURDEN, 

Authorised  Surveyor  for  the  Governments  of  New  South  Wales  ana  Victoria. 

*,*  Published  with  the  Concurrence  0/  the  Surveyors- General  for  New  South 
Wales  and  Victoria. 

"  Those  who  have  experience  in  exact  Survkv-work  will  best  know  how  to  appreciate 
the  enormous  amount  of  labour  represented  by  this  valuable  book.  The  computations 
enable  the  user  to  ascertain  the  sines  and  cosines  for  a  distance  of  twelve  miles  to  wdthin 
half  an  mch,  and  this  by  rkfkrknck  to  but  One  Table,  in  place  of  the  usual  Fifteea 
minute  computations  required.  This  alone  is  evidence  of  the  assistance  which  the  Tables 
ensure  to  every  user,  and  as  every  Surveyor  in  active  practice  has  felt  the  want  of  such 
assistance  few  knowing   of   their    publication  will  remain  without  thbm." 

  — Engineer 


Strongly  Bound  in  Super  Royal  8vo.     Cloth  Boards.     7s.  6d.  net. 

BONUS   TABLES : 

For  Calculating:  Wages  on  the  Bonus  or  Premium  Systems. 

For  Engineering,  Technical  and  Allied  Trades. 
By  henry  a.  GOLDING,  A.M.I.Mech.E., 

Technical  Assistant  to  Messrs.  Bryan  Donkin  and  Clench,  Ltd.,  and  Assistant  Lecturer 
in  Mechanical  Engineering  at  the  Northampton  Institute,  London,  E.G. 

"Cannot  fail  to  prove  practically  serviceable  to  those  for  whom  they  have  been 
designed."— ,S'cofeTOan.  ^ 
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Second  Edition.    Large  8vo,  Handsome  Cloth.  With 
Illustrations,  Tables,  &c.    21s.  net. 

Lubrication  &  Lubricants: 

A  Treatise  on  the  Theory  and  Practice  of  Lubrication,  and  on  the 
Nature,  Properties,  and  Testing  of  Lubricants. 

BY  AND 

LEONARD  ARCHBUTT,  F.I.C.,  F.O.S.,  R.  M.  DEELEY,  M.I.Mech.E.,  F.G.S. 

Chemist  to  the  Mid.  Ry.  Co.  Chief  Loco.  Super.,  Mid.  Ry.  Co. 

Contents.— 1.  Friction  of  Solids.— II.  Liquid  Friction  or  Viscosity,  and  Plastic 
Friction.— III.  Superficial  Tension.— IV.  The  Theory  of  Lubrication.- V.  Lubricants, 
their  Sources,  Preparation,  and  Properties.— VI.  Physical  Properties  and  Methods  ol 
Examination  of  Lubricants.— VII.  Chemical  Properties  and  Methods  of  Examination 
of  Lubricants.— VIII.  The  Systematic  Testing  of  Lubricants  by  Physical  and  Chemical 
Methods.— IX.  The  Mechanical  Testing  of  Lubricants.— X.  The  Design  and  Lubrication 
of  Bearings.- XI.  The  Lubrication  of  Machinery. — Index. 

"  Contains  practically  ALL  THAT  IS  known  on  the  subject.  Deserves  the  careful 
attention  of  all  Engineers." — Railway  Official  Gazette. 


Fourth  Edition.    Very  fully  Elustrated,    Cloth,  48.  6d, 

STEAM  -  BOI  LE  RS; 

THEIR  DEFECTS,   MANAGEMENT,   AND  CONSTRUCTION, 
By   R.   D.  MUNRO, 

Chi^  Engineer  of  the  Scottish  Boiler  Insurance  and  Engine  Inspection  Company, 
"  A  valuable  companion  for  workmen  and  engmeers  engaged  about  Steam  Boilers,  ought 
to  be  carefully  studied,  and  always  at  hand." — Coli.  Guardian. 


By  the  same  Author. 

KITCHEN    BOILER   EXPLOSIONS:  Why 

they  Occur,  and  How  to  Prevent  their  Occurrence.  A  Practical  Handbook 
based  on  Actual  Experiment.     With  Diagram  and  Coloured  Plate.  3s. 


/«  Crown  2>vo,   Cloth.    Fully  /Uustrated.    55.  net. 

EMERY  GRINDING  MACHINERY. 

A  Text-Book  of  Workshop  Ppaetice  in  General  Tool  Grinding,  and  the 
Design,  Construction,  and  Application  of  the  Machines  Employed. 

By  R.  B.  HODGSON,  A.M. Inst. Mech.E. 

"  E-minently  practical  .  .  .  cannot  fail  to  attract  the  notice  of  the  users  of  this  class  of : 
machinery,  and  to  meet  with  careful  perusal." — Cheni.  Trade  Journal. 


Fifth  Edition.    In  Two  Parts,  Published  Separately. 
A   TEXT-BOOK  OF 

Engineering  Drawing  and  Design. 

By  SIDNEY  H.  WELLS,  Wh.Sc,  A.M.I.C.E.,  A.M.LMech.E., 
Vol.  I. — Practical  (xeometry,  Plane,  and  Solid.    4s.  6d. 
Vol.  II. — Machine  and  Engine  Drawing  and  Design.  4s.  6d.. 
With  many  Illustrations,  specially  prepared  for  the  Work,  and  numeromt 
Examples,  for  the  Use  of  Students  in  Technical  Schools  and  Colleges. 

"  A  CAPITAL  TKXT-BOOK,  arranged  on  an  kxcbllent  systbm,  calculated  to  give  an  intelligent ; 

grasp  of  the  subject,  and  not  the  mere  faculty  of  mechanical  copying.   .   .   .  Mr.  Wells  shows  1 
ow  to  make  complstk  woekikg-deawings,  discussing  fully  each  step  in  the  design." — Eleetrieal  i 
Review  
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In  Three  Parts.   Crown  8vo,  Handsome  Cloth,  Very  Fully  Illustrated. 

MOTOR-CAR  MECHANISM  AND  MANAGEMENT. 

By  W.  POYNTER  ADAMS,  M.Inst.E.E. 
PART  I.— THE  PETROL  CAR.    5s.  net. 

Second  Edition.    With  important  new  Appendix,  illustrating  and  defining  parts 
of  actual  cars  in  use. 

Contents.— Section  I.— The  Mechanism  of  the  Petrol  Car.— The  Engine.— 
The  Engine  Accessories.— Electrical  Ignition  and  Accessories.— Multiple  Cylinder  Engines. 
—  The  Petrol.— The  Chassis  and  Driving  Gear.— Section  II.— The  Management  of  thk 
Petrol  Car.— The  Engine.— The  Engine  Accessories.— Electrical  Ignition.— The  Chassis 
and  Driving  Gear. — General  Management. — Ai'PENdix. — Glossary. — Index. 

Should  be  carefully  studied  by  those  who  have  anything  to  do  with  motors." — Auto- 
mobile and  Carriage  Builders'  J ottrtial. 

PART  II.— ELECTRICAL  AND  PETROL  ELECTRICAL 
MOTOR  CARS. 

Pp.  i.-x.  +  202.    With  50  Illustrations.  5s.net. 

PART  III.— THE  STEAM  CAR.      [/«  Preparation. 


In  Large  8vo.    Handsome  Cloth.    Very  Fully  Illustrated.    18s.  net 
A    MANUAL  OF 

PETROL  MOTORS  AND  MOTOR-CARS. 

Comprising  the  Designing,  Construction,  and  Working  of  Petrol  Motors. 
By  F.  STRICKLAND. 

General  Contents.— Part  I. :  Engines.— Historical.— Power  Required.- Geiierat 
Arrangement  of  Engines.— Ignition. —Carburettors.— Cylinders,  Pistons,  Valves,  Ac- 
Crank  Shafts,  Crank  Chambers,  Cams,  Runners,  Guides,  Ac. —Pumps.  — Flywheels. — 
Pipe  Arrangements.-Silencers.— Engine  Control,  Balancing.— Motor  Cycle  Engines.— 
Marine  Motors.- Two-Cycle  Motors.— Paraffin  Carburettors.- Gas  Producers.  Part 
II.:  Cars.— General  Arrangements  —Clutches. —  Transmission.  — Differential  Gears.— 
Universal  Joints.— Axles.  —  Springs.  —  Radius  Rods.  —  Brakes.  —  "ViTieels.  —  Frames.  — 
Steering  Gear.  —  Radiator.  —  Steps,  Mudguards,  Bonnets,  &c.  —  Lubrication.  —  Ball 
Bearings.— Bodies.— Factors  of  Safety.— Calculations  of  Stresses  — Special  Change  Speed 
Gears.— Special  Cars. — Commercial  Vehicles. — Racing  Cars.— Index. 

"Thoroughly  practical  and  scientific.  .  .  .  We  have  pleasure  in  recommending  it  to  all.'" 
— Mechanical  Engineer. 


In  Crown  8vo.    Handsome  Cloth.    Fully  Illustrated. 

OIL  MOTORS. 

By  G.  LIECKFELD.  (Authorised  English  Edition). 
Contents.— Liquid  Fuels  for  Power  Production.— Development  of  the  Petrol  and' 
Paraffin  Motors.- Working  of  the  Later  Paraffin  and  Petrol  Engines.— Ignition  Devices. 
—Examples  of  Stationary  Petrol,  Alcohol,  Paraffin,  and  Crude  Oil  Engines.— Automobiles. 
—Ship,  Boat,  and  Air-ship  Engines.— Vehicles,  &c..  Driven  by  Internal  Combustion 
Engines.— Erection  and  Attendance  of  Engines  Driven  with  Liquid  Fuel.— Correcting 
Irregularities  in  Running. 


In  Crown  8vo,     Handsome  Cloth.    With  105  Illustrations.    5s.  net. 

MECHANICAL  ENGINEERING 
FOR  :beginneiis. 

By  R.  S.  M'LAREN. 

Contents.— Materials.— Bolts  and  Nuts,  Studs,  Set  Screws.— Boilers.— Steam  Raising 
Accessories.- Steam  Pipes  and  Valves.— The  Steam  Engine.— Power  Transmission.— 
Condensing  Plant.— The  Steam  Turbine.— Blectricity.—Hydraulic  Machinery.— Gas  and 
Oil  Engines.— Strength  of  Beams,  and  Useful  Information.— Index. 

"The  best  of  its  kind  we  have  seen,  and  should  be  in  the  hands  of  every  apprentice." 
— Steamship. 
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CHARLES  GRIFFIN  «fc  CO.'S  PUBLICATIONS. 


WORKS  BY 

ANDREW  JAMIESON,  M.Inst.C.E.,  M.I.E.E.,  F.R.S.E., 

Formerly  Professor  of  Electrical  Engineering,  The  Glas.  and  W.  of  Scot.  Tech.  Coll. 


PROFESSOR  JAMIESON'S  ADVANCED  TEXT -BOOKS. 

In  Large  Crown  ivo.    Fully  Illustrated. 

STEAM  AND  STEAM-ENGINES,  INCLUDING  TURBINES 

AND  BOILERS.    For  the  Use  of  Engineers  and  for  Students  preparing 
for  Examinations.    With  800  pp. ,  over  400  Illustrations,  1 1  Plates,  many 
B.  of  E.,  C.  and  G. ,  Questions  and  Answers,  and  all  Inst.  C.E.  Exams, 
on  Theory  of  Heat  Engines.    Sixteenth  Edition,  Revised.    los.  6d. 
"  The  Best  Book  yet  published  for  the  use  of  Students." — Engineer. 

APPLIED  MECHANICS  &  MECHANICAL  ENGINEERING. 

Including  All  the  Inst.  C.E.  Exams,  in  (i)  Applied  Mechanics; 
(2)  Strength  and  Elasticity  of  Materials ;  (3a)  Theory  of  Structures ; 
(ii)  Theory  of  Machines;  Hydraulics.   Also  B.  of  E.;  C.  and  G.  Questions. 

Vol.  I. — Comprising  568  pages,  300  Illustrations,  and  Questions : 
Part  I.,  The  Principle  of  Work  and  its  Applications;  Part  II.:  Friction, 
Lubrication  of  Bearings,  &c. ;  Different  kinds  of  Gearing  and  their  Appli- 
cations to  Workshop  Tools,  &c.    Sixth  Edition.    8s.  6d. 

"  Fully  maintains  the  reputation  of  the  Author." — Pract.  Engineer. 

Vol.  II. — Comprising  Parts  III.  to  VL,  with  over  800  pages,  371  Illus- 
trations ;  Motion  and  Energy,  Theory  of  Structures  or  Graphic  Statics ; 
Strength  and  Elasticity  of  Materials  ;  Hydraulics  and  Hydraulic 
Machinery.    Fifth  Edition.    12s.  6d. 

"Well  and  lucidly  written."— /"A*  Engineer. 

***  Each  of  the  above  volumes  is  complete  in  itself,  and  sold  separately. 


PROFESSOR  JAMIESON'S  INTRODUCTORY  MANUALS 

Crown  Svo.    With  Illustrations  and  Examination  Papers. 

STEAM   AND   THE  STEAM-ENGINE  (Elementary 

Manual  of).    For  First- Year  Students,  forming  an  Introduction  to  the 
Author's  larger  Work.    Twelfth  Edition,  Revised  and  Enlarged.  3/6. 
"  Should  be  in  the  hands  of  kvkry  engineering  apprentice." — Practical  Engineer. 

MAGNETISM  AND  ELECTRICITY  (Practical  Elementary 

Manual  of).   For  First- Year  Students.    With  Stud.  Inst.  C.  E.  and  B.  of  E. 
Exam.  Questions.    Seventh  Edition,  Revised  and  Enlarged.  3/6. 
"  A  THOROUGHLY  TRUSTWORTHY  Text-book.    PRACTICAL  and  clear." — Nature. 

APPLIED   MECHANICS  (Elementary  Manual  of). 

For  First- Year  Students.    With  B.  of  E.,  C.  and  G. ;  and  Stud.  Inst.  C.E. 
Questions.    Eighth  Edition,  Revised  and  Greatly  Enlarged.  3/6. 
"  The  work  has  very  high  qualities,  which  may  be  condensed  into  the  one  word 
'  CLEAR.' " — Science  and  A  ri. 


A  POCKET-BOOK  of  ELECTRICAL  RULES  and  TABLES. 

For  the  Use  of  Electricians  and  Engineers.  By  John  Munro,  C.E., 
and  Prof.  Jamieson.  Pocket  Size.  Leather,  8s.  6d.  Nineteenth 
Edition.  [See  p.  49. 


lONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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WORKS  BY  W.  J.  MACQDORN  RANKINE,  LL.D.,  F.R.S. 

Thopoug-hly  Revised  by  W.  J.  MILLAR,  C.E. 


A  MANUAL  OF  APPLIED  MECHANICS :  Comprising  the 

Principles  of  Statics  and  Cinematics,  and  Theory  of  Structures, 
Mechanism,  and  Machines.  With  Numerous  Diagrams.  Crown  8vo, 
Cloth.    Seventeenth  Edition.    12s.  6d. 


A  MANUAL  OF  CIVIL  ENGINEERING:  Comprising  Engin- 

eering  Surveys,  Earthwork,  Foundations,  Masonry,  Carpentry,  Metal 
Work,  Roads,  Railways,  Canals,  Rivers,  Waterworks,  Harbours,  &c. 
With  Numerous  Tables  and  Illustrations.  Crown  8vo,  Cloth. 
Twenty-Third  Edition.  IBs. 


A  MANUAL  OF  MACHINERY  AND  MILLWORK :  Com- 

prising  the  Geometry,  Motions,  Work,  Strength,  Construction,  and 
Objects  of  Machines,  &c.  With  nearly  300  Illustrations.  Crown 
8vo,  Cloth.    Seventh  Edition.    128.  6d. 


A   MANUAL    OF   THE   STEAM-ENGINE  AND  OTHER 

PRIME  MOVERS.  With  a  Section  on  Oas,  Oil,  and  Air 
Engines,  by  Bryan  Donkin,  M.Inst.C.E.  With  Folding  Plates 
and  Numerous  Illustrations.  Crown  Svo,  Cloth.  Seventeenth 
Edition.    12s.  6d. 


USEFUL  RULES  AND  TABLES :  For  Architects,  Builders, 
Engineers,  Founders,  Mechanics,  Shipbuilders,  Surveyors,  &c.  With 
Appendix  for  the  use  of  Eleotrioal  ENaiNBERs.  By  Professor 
Jamieson,  M.Inst.C.E.,  M.I.E.E.    Seventh  Edition.    10s.  6d. 


A  MECHANICAL  TEXT -BOOK:  A  Practical  and  Simple 
Introduction  to  the  Study  of  Mechanics.  By  Professor  Rankinb 
and  E.  F.  Bamber,  C.E.  With  Numerous  Illustrations.  Crown 
Svo,  Cloth.   FiffTH  Edition.  9s. 

*,*  The  "  Mechanical  Text-Book  "  teas  designed  by  FrofeBSor  Bankinb  at  an  Inibo- 

DUOTiON  to  the  above  Series  of  Manuals. 


MISCELLANEOUS  SCIENTIFIC  PAPERS.  Part  I.  Tempera- 
ture,  Elasticity,  and  Expansion  of  Vapours,  Liquids,  and  Solids. 
Part  II.  Energy  and  its  Transformations.  Part  III.  Wave-Forms, 
Propulsion  of  V^essels,  &c.  With  Memoir  by  Professor  Tait,  M.A. 
With  fine  Portrait  on  Steel,  Plates,  and  Diagrams.  Royal  Svo. 
Cloth.    31s.  6d. 

"  No  more  enduring  Memorial  of  Professor  Rankine  could  be  devised  than  the  publica- 
tion of  these  papers  in  an  accessible  form.  .  .  .  The  Collection  is  most  valuable  on 
account  of  the  nature  of  his  discoveries,  and  the  beauty  and  completeness  of  his  analysis." 
— Architect. 


lONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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CHARLES  GRIFFIN  dh  GO.'S  PUBLICATIONS. 


Third  Edition,  Thoroughly  Revised  and  Enlarged.    With  60  Plates  and 
Numerous  Illustrations.    Handsome  Cloth.  34s. 

HYDRAULIC  POWER 

AND 

HYDRAULIC  MACHINERY. 


BY 


HENRY   ROBINSON,   M.  Inst.  C.E.,  F.G.S., 

FELLOW  OF  king's  COLLKGB,  LONDON  ;  PROF.  KMKRITOS  OF  CIVIL  ENGINEERING, 

king's  collkgk,  etc.,  etc. 

Contents  —Discharge  through  Orifices.— Flow  of  Water  through  Pipes.— Accumulators. 
—Presses  and  Lifts.— Hoists.— Rams —Hydraulic  Engines.— Pumping  Engines.— Capstans. 
—  Traversers.  — Jacks. —Weighing  Machines.  —  Riveters  and  Shop  Tools.  —  Punchmg, 
Shearing,  and  Flanging  Machines. —  Cranes. —  Coal  Discharging  Machines.  — Drills  and 
Cutters.— Pile  Drivers,  Excavators,  &c.— Hydraulic  Machinery  applied  to  Bridges,  Dock 
Gates,  Wheels  and  Turbines.— Shields.  —  Various  Systems  and  Power  Installations  — 
Meters,  &c.— Index. 

"The  standard  work  on  the  application  of  water  power."— C^wzVr  .9  Mag-aztne. 


Second  Edition,  Greatly  Enlarged.     With  Frontispiece,  several 
Plates,  and  over  250  Illustrations.    21s.  net. 

THE  PRINCIPLES  AND  CONSTRUCTION  OF 

PUMPING  MACHINERY 

(STEAM  AND  WATER  PRESSURE). 
With  Practical  Illustrations  of  Engines  and  Pumps  applied  to  Mining, 
Town  Water  Supply,  Drainage  of  Lands,  &c.,  also  Economy 
and  Efficiency  Trials  of  Pumping  Machinery. 

By  henry  DAVEY, 

Member  of  the  Institution  of  Civil  Engineers,  Member  of  the  Institution  ol 
Mechanical  Engineers,  F.G.S.,  <fec, 

Contents  —Early  History  of  Pumping  Engines— Steam  Pumping  Engines  - 
Pumps  and  Pump  Valves— General  Principles  of  Non-Rotative  Pumping 
Engines— The  Cornish  Engine,  Simple  and  Compound— Types  of  Mming 
Engines— Pit  Work— Shaft  Sinking— Hydraulic  Transmission  of  Power  m 
Mines— Electric  Transmission  of  Power— Valve  Gears  of  Pumpmg  Engines 
—  Water  Pressure  Pumping  Engines  —  Water  Works  Engmes  —  Pumping 
Engine  Economy  and  Trials  of  Pumping  Machinery— Centrifugal  and  other 
Low-Lift  Pumps— Hydraulic  Rams,  Pumping  Mains,  &c.— Index. 

'  By  the  'one  English  Engineer  who  probably  knows  more  about  Pumping  Machinery 

ttl^n  ANT  OTHBK.'     ...     A  VOLUME  REOOBDINQ  THE   KESULTS  OF  LONO  EXPERIKNOB  AND' 

sTUDi." — The  Engiwer.  _       .  . 

"Undoubtedly  THE  BEST  and  most  practical  treatise  on  Pumping  Machmery  that  HA8i 
YET  BEEN  PUBLISHED." — Mining  Jownnl. 

LONDON :  CHARLES  GRIFFIN  4  CO..  LIMITED,  EXETER  S-'REET  STRAND^ 
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In  Large  8vo.    Handsome  Cloth.    Profusely  Illustrated.      In  Two 
Volumes,  Each  Complete  in  itself,  and  Sold  Separately. 

THE     ID  E  S  I  O  N 

AND 

CONSTRUCTION  OF  SHIPS. 

By  JOHN  HARVARD  BILES,  M.Inst.N.A., 

Professor  of  Naval  Architecture  in  Glasgow  University. 

Volume  I. -CALCULATIONS  AND  STRENGTH.  With  36  Folding 
Plates,  and  245  other  Illustrations.  Complete  in  itself,  with 
Index.    25s.  net. 

Contents.— Part  I.— Areas,  Volumes,  and  Centres  of  Gravity.   Part  II.— Ship 
Calculations.   Part  III.— Strength  of  Ships. 

Volume  II.  is  in  active  preparation,  and  will  be  ready  very  shortly. 


BY  PROFBSSOR  BILES. 

LECTURES  OM  THE  MARINE  S  EAM  TURBINE. 

With  181  Illustrations.     Price  6s.  net. 
See  page  28. 


Royal  8uo.  Handsome  Cloth.    With  numerous  Illustrations  and  Tables.  2«j» 

THE  STABILITY  OF  SHIPS. 

BY 

SIR  EDWARD  J.  REED,  K.C.B.,  F.R.S.,  M.P., 

KNIGHT  OK   THK   IMPERIAL   ORDBRS   OF   ST.  STANILAUS   OF    RUSSIA  ;    FRANCIS    JOSKPH  OV 
AUSTRIA  ;    MSDJIDIB  OF   TURKEY ;    AND   RISING   SUN   OF    JAPAN  ;  VICF- 
PRESIDENT  OF  THK  INSTITUTION  OF  NAVAL  ARCHITECTS. 

"  Sir  Edward  Reed's  '  Stability  of  Ships  '  is  invaluable.  The  Naval  Architect 
will  find  brought  together  and  ready  to  his  hand,  a  mass  of  information  which  he  would  other- 
wise have  to  seek  in  an  almost  endless  variety  of  publications,  and  some  of  which  he  would 
possibly  not  be  able  to  obtain  at  all  elsewhere."— <S/«a»«/4i>>. 


In  Crown  8vo.    Handsome  Cloth.    Fully  Illustrated. 

HYDROGRAPHIC  SURVEYING. 

Fop  the  Use  of  Beginners,  Amateurs,  and  Port  and 
Harboup  Masters. 
By  commander  S.  MESSUM,  R.N., 

Instructor  in  Nautical  Surveying,  R.N.  College,  Greenwich. 

Contents.— Sextant.— Protractor.  -  Station  Pointer.  —Theodolite.  —  Projections. - 
Symbols  and  Abbreviations.— Plotting  and  Triangulation  of  a  Small  Plan.— Mast-head 
Angle  Survey.— Meridian  Distances.— Appendix.— Index. 


LONDON :  CHARLES  GRIFFIN  &  CO..  LIMITED.  EXETER  STREET.  STRANH 
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CHARLES  GRIFFIN  &  00:8  PUBLICATIONS. 


WORKS    BY    THOMAS  WALTON, 
NAVAL  ARCHITECT. 


Fourth  Edition.     Illustrated  with  Plates,  Numerous  Diagrams,  and 
Figures  in  the  Text.    i8s.  net. 

STEEL    SHI  PS; 

THEIR   CONSTRUCTION   AND  MAINTENANCE. 

A  Manual  for  Shipbuilders,  Ship  Superintendents,  Students, 
and  Marine  Engineers. 
By  THOMAS  WALTON,  Naval  Architect, 

AUTHOR  OF    "  KNOW   YOUR   OWN  SHIP." 

Contents.— I.  Manufacture  of  Cast  Iron,  Wrought  Iron,  and  Steel.— Com- 
position of  Iron  and  Steel,  Quality,  Strength,  Tests,  &c.  II.  Classification  of 
Steel  Ships.  III.  Considerations  in  making  choice  of  Type  of  Vessel.  — Frammg 
of  Ships.  IV.  Strains  experienced  by  Ships.— Methods  of  Computmg  and 
Comparing  Strengths  of  Ships.  V.  Construction  of  Ships.— Alternative  Modes 
of  Construction.— Types  of  Vessels.— Turret,  Self  Trimming,  and  Trunk 
Steamers,  fee- Rivets  and  Rivetting,  Workmanship.  VI.  Pumpmg  Arrange- 
ments, VII.  Maintenance.— Prevention  of  Deterioration  in  the  Hulls  of 
Ships.— Cement,  Pamt,  fee— Index.  .  .  ,     ,  . 

So  thorough  and  well  written  is  every  chapter  in  the  book  that  it  is  diilicult  to  select 
any  of  them  as  being  worthy  of  exceptional  praise.  Altogether,  the  work  is  excellent,  and 
will  prove  of  great  value  to  those  tor  whom  it  is  intended."— ^Ae  Engineer. 

In  Handsome  Cloth.    Very  fully  Illustrated.    7s.  6d.  net. 

PRESENT-DAY  SHIPBUILDING. 

For  Shipyard  Students,  Ships'  Officers,  and  Engineers. 
By  THOS.  WALTON. 

General  Contents.— Classification.— Materials  used  in  Shipbuilding.— 
Alternative  Modes  of  Construction.- Details  of  Construction.— Frammg, 
Plating,  Rivetting,  Stem  Frames,  Twin-Screw  Arrangements,  Water 
Ballast  Arrangements,  Loading  and  Discharging  Gear,  &c.— Types  of 
Vessels,  including  Atlantic  Liners,  Cargo  Steamers,  Oil  carrying  Steamers, 
Turret  and  other  Self  Trimming  Steamers,  &c.— Index. 

"Simple  language  .  .  .  clear  and  easily  followed  illustrations."  —  Times 
Engineering  Supplemsnt.   

"  We  heartily  recommend  it  to  all  who  have  to  do  with  ships.  —Steamship. 

Ninth  Edition.    Illustrated.    Handsome  Cloth,  Crown  8vo .    7s.  6d. 
The  Chapters  on  Tonnage  and  Freeboapd  have  been  brought  thoroughly 
up  to  date,  and  embody  the  latest  (1906)  Board  of  Trade  Regulations  on 
these  subjects. 

KNOW  YOUR  OWN  SHIP. 

By  THOMAS  WALTON,  Naval  Architect. 
Specially  arranged  to  suit  the  requirements  of  Ships'  Officers,  Shipowners, 
Superintendents,  Draughtsmen,  Engineers,  and  Others, 
CONTENTS.  —  Displacement  and  Deadweight.  -  Moments.  —  Buoyancy.  —  Strain  - 
Structure.  -  Stability.  -  Rolling.  -  Ballasting.  -  Loading.-Shif  ting  Cargoes  -Effect  of 
Admission  of  Water  into  Ship.-Trim  Tonnage.-Freeboard  (Load-line). -Calculations.- 
Set  of  Calculations  from  Actual  Drawings.- INDEX. 

"  The  work  is  of  the  highest  value,  and  all  who  go  down  to  the  sea  in  ships  should  make  them- 
selves acquainted  with  it." -Shipping  World  (on  the  new  edition).  

LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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GRIFFIN'S  NAUTICAL  SERIES. 

Edited   by    EDW.  BLACKMORE, 
Master  Mariner,  First  Class  Trinity  House  Certificate,  Assoc.  Inst.  N.A. ; 
And  Wkittbn,  mainly,  by  Sailors  for  Sailors. 


"This  admirable  series." — Pairplay.       '  A  vert  tisbpul  series."— Mature. 
"BvBRY  Ship  should  have  the  whole  Series  as  a  Reference  Library.  HAhd- 
SOHELY  BOUND,  CLEARLY  PRINTED  and  ILLUSTRATED. "—ituerpooZ  Joum.  Commerce. 


The  British  Mercantile  Marine  :  An  Historical  Sketch  of  its  Rise 
and  Development.   By  the  Editor,  Capt.  Blacrmore.   3s.  6d. 
"  Captain  Blackmore  s  SPLENDID  BOOK   .   .   .   contains  paragraphs  on  every  point 
of  interest  to  the  Merchant  Marine.   The  243  pages  of  this  book  are  THE  MOST  VALU- 
ABLE to  the  sea  captain  that  have  ever  been  compiled." — Merchant  Service  Review. 


Elementary  Seamanship.    By  D.  Wilson-Barker,  Master  Mariner, 
r.R.S.B.,  F.R.G.S.    With  numerous  Plates,  two  in  Colours,  and  Frontispiece. 
Fourth  Edition,  Thoroughly  Revised.   With  additional  Illustrations.  6s. 
"This  ADMIRABLE  MANUAL,  by  Capt.  WILSON  BARKER,  Of  the  'Worcester,'  seems 

to  us  PERFECTLY  DESIGNED."— .4«ft«nflBM»l. 


Know  Your  Own  Ship  :  A  Simple  Explanation  of  the  Stability,  Con- 
struction.  Tonnage,  and  Freeboard  of  Ships.  By  THOS.  WALTON,  Naval  Architect. 
I<'iNTH  Edition.  7s.  6d. 

"Mr.  Walton's  book  will  be  found  very  useful."— TAe  Engineer. 


Navifiration :  Theoretical  and  Practical.    By  D.  Wilson-Babkkb 

and  William  Allingham.  Second  Edition,  Revised.  3s.  6d. 
"Precisely  the  kind  of  work  required  for  the  New  Certificates  of  competency. 
Candidates  will  find  it  invaluable."— DMnd«e  Advertiser. 


Marine  Meteorology :  For  Officers  of  the  Merchant  Navy.  By 
William  Allingham,  First  Class  Honours,  Navigation,  Science  and  Art  Department. 
With  Illustrations  and  Maps,  and  facsimile  reproduction  of  log  page.    7s.  6d. 
"Quite  the  best  publication  on  this  anhject."— Shipping  Gazette. 

Latitude  and  Longitude :  How  to  find  them.  By  W.  J.  Millar, 

C.E.   Second  Edition,  Revised.  28. 

"Cannot  but  prove  an  acquisition  to  those  studying  Navigation." — Marine  Engineer. 

Practical  Mechanics  :   Applied  to  the  requirements  of  the  Sailor. 

By  Thos.  Mackenzie,  Master  Mariner,  F.R.A.S.  Third  Edition,  Revised.  3a.  6d. 
"  Well  WORTH  the  money  .   .   .  'EXOWDmahY  aishvvvh."— Shipping  World. 

Trigonometry  :  For  the  Young  Sailor,  &c.  By  Rich.  C.  Buck,  of  the 
Thames  Nautical  Training  College,  H.M.S.  "  Worcester."  Third  Edition,  Revised. 
Price  3s.  6d. 

"This  EMINENTLY  PRACTICAL  and  reliable  volume."— Schoolmaster. 


Practical  Algebra.    By  Rich.  C.  Buck.    Companion  Volume  to  the 
above,  for  Sailors  and  others.   Second  Edition,  Revised.  Price  3s.  6d. 
"It  is  just  the  book  for  the  young  sailor  mindful  of  progress."— JVawSico^  Magazine. 


The  Legal  Duties  of  Shipmasters.  By  Benedict  Wm.  GiNSBima, 

M.A.,  LL.D.,  of  the  Inner  Temple  and  Northern  Circuit:  Barrister-at-Law.  SECOND 
Edition,  Thoroughly  Revised  and  Enlarged.   Price  4s.  6d. 

"  Invaluable  to  masters.    .   .   .   We  can  fully  recommend  it  ' — Shipping  Gazette. 

A  Medical  and  Surgical  Help  for  Shipmasters.   Including  First 

Aid  at  Sea    By  Wm.  Johnson  Smith,  F.R.C.S.,  Principal  Medical  Officer,  Seamen'* 
Hospital,  Greenwich.   Third  Edition,  Thoroughly  Revised  6s 
"Sound,  judicious,  really  helpful."- TAe  Lancet 
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GRIFFIN'S  NAUTICAL  SERIES. 

Introductory  Volume.    Price  Ss.  6d. 

a?  h: 

British  Mercantile  Marine. 

By  EDWAKD  BLACKMOUE, 

MASTER  MARINER;  ASSOCIATE  OF  THE  INSTITUTION  OF  NAVAL  ARCHITECTS; 
MEMBER  OF  THE  INSTITUTION  OF  ENGINEERS  AND  SHIPBUILDERS 
IN  SCOTLAND;  EDITOR  OF  GRIFFIN'S  "NAUTICAL  SERIES." 

General  Contents.— Historical  :  From  Early  Times  to  1486— Progress 
under  Henry  VIII.— To  Death  of  Mary— During  Elizabeth's  Reign— Up  to 
the  Reign  of  William  III.— The  18th  and  19th  Centuries— Institution  of 
Examinations  —  Rise  and  Progress  of  Steam  Propulsion  —  Development  of 
Free  Trade— Shipping  Legislation,  1862  to  1875— "  Locksley  Hall"  Case- 
Shipmasters'  Societies— Loading  of  Ships— Shipping  Legislation,  1884  to  1894— 
Statistics  of  Shipping,  The  Personnel  :  Shipowners— Officers— Marmers— 
Duties  and  Present  Position.  Education  :  A  Seaman's  Education :  what  It 
should  be— Present  Means  of  Education— Hints.  Disciplinb  and  Duty— 
Postscript— The  Serious  Decrease  in  the  Number  of  British  Seamen,  a  Matter 
demanding  the  Attention  of  the  Nation. 

"  iNTBKESTiNQ  and  Instbuctivb  .  .  .  may  be  read  with  profit  and  hnjotmbnt."- 
Slasgow  Berald.  ^v.  ^  i.v   n.». 

"  EvBRT  BRANCH  of  the  Bubjoct  Is  dealt  with  m  a  way  which  shows  that  the  writer 
'knows  the  ropes' familiarly."— Sco««maw.  .  ^       ^.       oi.    i.j  v  - 

"This  ADMiKABLE  book  .  .  .  TEEMS  With  ussful  information— Should  be  in  me 
hftuds  of  every  SsniloT."— Western  Morning  News. 


Fourth  Edition,  Thoroughly  Revised.    With  Additional 
Illustrations.    Price  6s. 

ELEMENTARY  SEAMANSHIP. 

BT 

D.  WILSON-BARKER,  Master  Mariner;  F.R.S.E.,  F.R.G.S.,  &o.,  &0» 

YOUNaBR  BROTHER  OF  THE  TRINITY  HOUSE. 

With  Frontispiece,  Numerous  Plates  (Two  in  Colours),  and  lUustrationB 

in  the  Text. 

General  Contents.— The  BuUding  of  a  Ship;  Parts  of  Hull,  Masts, 
&c.— Ropes,  Knots,  SpUcmg,  &c.  —  Gear,  Lead  and  Log,  &c.  -  Riggings 
Anchors -Saihnaking- The  Sails,  &c. -Handhng  of  Boats  under  Sail  — 
Signals  and  Signalling— Rule  of  the  Road— Keepmg  and  Rehevmg  Watch- 
Points  of  Etiquette— Glossary  of  Sea  Terms  and  Phrases— Index. 

•»*  The  volume  contains  the  new  rules  of  the  boad. 

"  This  ADMiKABLB  MANUAL,  by  Oapt.  Wilson-Bakkbr  of  the  '  Worcester,'  seems  to  ub 
ntBFBOTLT  DESIGNED  and  holds  its  place  exceUently  In  '  GEnrra  s  Nautio^  Sbbibs.  .  .  . 
Although  intended  for  those  who  are  to  become  Officers  of  the  Merchant  Navy,  it  will  b» 
found  useful  by  all  taohtsmen."— 4t/»en«Mm. 

For  complete  List  of  Grimto's  Nautical  Series,  see  p.  39. 
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GRIFFIN'S  NAUTICAL  SERIES. 

Second  Edition,  Revised  and  Illustrated.    Price  Ss.  6d. 

NAVIGATION: 

By  DAVID  WILSON-BARKER,  R.N.R.,  F.R.S.E.,  &a,  <fco., 

AND 

WILLIAM  ALLINGHAM, 

PIBST-OLASS  HONOURS,  NAVIGATION,  SOIKNOE  AND  ART  DEPARTMIiNT. 

m\Vo  flumeroua  illustrations  an5  Biaminatton  (auesttona. 

GrENBBAL  CONTENTS. — Definitions — Latitude  and  Longitude — Instruments 
t>f  Navigation — Correction  of  Courses — Plane  Sailing — Traverse  Sailing — Day's 
Work  —  Parallel  Sailing  —  Middle  Latitude  Sailing  —  Mercator's  Chart— 
Mercator  Sailing — Current  Sailing — Position  by  Bearings— Great  Circle  Sailing 
—The  Tides — Questions — Appendix :  Compass  Error — Numerous  Useful  Hints 
&c. — Index. 

"  Pbkcisblt  the  kind  of  work  required  for  the  New  Certiflcates  of  competency  in  grades 
from  Second  Mate  to  extra  Master.  .  .  .  Candidates  will  find  it  iNVALDABLii,"— i)«ndef 
Advertiser. 

"  A  CAPITAL  LITTLE  BOOK  .  .  .  Specially  adapted  to  the  New  Examinationa.  The 
Anthers  are  Oapt.  "WiLSON-BAitKBK  (Captain-Superintendent  of  the  Nautical  College,  BLM.fv 
'  Worcester,'  who  has  had  great  experience  in  the  highest  problems  of  Nayigation),  ana 
Mk.  Axlihgham,  a  well-known  writer  on  the  Science  of  Navigation  and  Nautical  Astronomy, " 
— Shipping  World. 


Handsome  Cloth.    Fully  Illustrated.    Price  7a,  6d. 

MARINE  METEOROLOGY, 

FOR  OFFICERS  OF  THE  MERCHANT  NAVY. 

By  WILLIAM  ALLINGHAM, 

Joint  Author  of  "Navigation,  Theoretical  and  Practical." 

With  numerous  Plates,  Maps,  Diagrams,  and  Illustrations,  and  a  facsimile 
Reproduction  of  a  Page  from  an  actual  Meteorological  Log-Book. 

SUMMARY  OF  CONTENTS. 

Introductory.— Instruments  Used  at  Sea  for  Meteorological  Purposes.— Meteoro- 
logical Log-Books. — Atmospheric  Pressure.— Air  Temperatures.- Sea  Temperaturefl.— 
Winds.- Wind  Force  Scales.— History  of  the  Law  of  Storms.— Hurricanes,  Seasons,  and 
Storm  Tracks.— Solution  of  the  Cyclone  Problem.- Ocean  Currents.— Icebergs.— Syn- 
chronous Charts.— Dew,  Mists,  Fogs,  and  Haze.— Clouds.— Rain,  Snow,  and  Hall.— 
Mirage,  Rainbows,  Coronas,  Halos,  and  Meteors.— Lightning,  Corposants,  and  Auroras.— 
Questions.— Appendix.— Index. 

"  Quite  the  bbst  publication,  and  certainly  the  most  intbeestikg,  on  this  subject  ever 
presented  to  Nautical  men."— Shipping  Gazette. 

*^*  For  Complete  List  of  Griffin's  Nautical  Series,  see  p.  39. 
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GRIFFIN'S  NAUTICAL  SERIES. 

I^Thikb  Edition,  Revised.    With  Numerous  Illustrations.    Price  3s.  6d. 

PRACTICAL  MECHANICS; 

Applied  to  the  Kequirements  of  the  Sailor. 

By  THOS.  MACKENZIE,  Master  Mariner,  F.R.A.S. 

G-BNKRAL  Contents. — Resolution  and  Composition  of  Forces — Work  done 
by  Machines  and  Living  Agents — The  Mechanical  Powers :  The  Lever ; 
Derricks  as  Bent  Levers — The  Wheel  and  Axle :  Windlass  ;  Ship's  Capstan ; 
CJrab  Winch— Tackles :  the  "Old  Man"— The  Inclined  Plane;  the  Screw— 
The  Centre  of  Gravity  of  a  Ship  and  Cargo  —  Relative  Strength  of  Rope  : 
Steel  Wire,  Manilla,  Henip,  Coir — Derricks  and  Shears — Calculation  of  the 
Gross-breaking  Strain  of  Fir  Spar — Centre  of  Effort  of  Sails — Hydrostatics : 
Uie  Diving-bell ;  Stability  of  Floating  Bodies  ;  the  Ship's  Pump,  &c. 

"  Well  wobth  the  money  .  .  .  will  be  found  exceedingly  helpeul."— 
Shipping  World. 

"  No  Ships'  Oeficers'  bookcase  will  henceforth  be  complete  without 
Captain  Mackenzie's  '  Practical  Mechanics.  '  Notwithstanding  my  many 
years'  experience  at  sea,  it  has  told  me  how  much  more  there  is  to  acquire." — 
(Letter  to  the  Publishers  from  a  Master  Mariner). 


WORKS  BY  RICHARD  C.  BUCK, 

of  the  Thames  Nautical  Training  College,  H.M.S.  '  Worcester.' 

A  MANUAL  OF  TRIGONOMETRY: 

l/l/ith  Diagrams,  Examples,  and  Exercises.   Price  3s.  Gd. 

Third  Edition,  Revised  and  Corrected. 
*,*  Mr.  Buck's  Text-Book  has  been  specially  prepared  with  a  view 
to  the  Examinations  of  the  Board  of  Trade,  in  which  Trigonometry 
is  an  obligatory  subject, 

"This  BMIMKNTLT  PKACTicAi,  and  KKLIABLE  voLDMK." — Sckoolmaster. 

A  MANUAL  OF  ALGEBRA. 

Designed  to  meet  the  Requirements  of  Sailors  and  others. 
Second  Edition,  Revised.    Price  3s.  6d. 

*»*  These  elementary  works  on  algebra  and  triqonombtbt  are  written  specially  lor 
those  who  will  have  little  opportunity  of  consulting  a  Teacher.  They  are  books  for  "self- 
HELP."  All  but  the  simplest  explanations  have,  therefore,  been  avoided,  and  answers  to 
the  Exercises  are  given.  Any  person  may  readily,  by  careful  study,  become  master  of  their 
contents,  and  thus  lay  the  foundation  for  a  further  mathematical  course,  if  desired.  It 
hoped  that  to  the  younger  Officers  of  our  Mercantile  Marine  they  will  be  found  decidedly 
■ervioeable.  The  Examples  and  Exercises  are  taken  frotn  the  Examination  Papers  set  for 
the  Oadets  of  the  "Worcester.'' 

"Olearly  arranged,  and  well  got  up.  ...  A  tlrst-rate  Elementary  Algebra."— 
Nautical  Magazine.   


Second  Edition,  Revised.    With  Diagrams.    Price  2s. 

LATITUDE  AND  LONGITUDE ;  How  to  Find  them. 

By  W.  J.  MILLAR,  C.E., 

Late  Secretary  to  the  Inst,  of  Engineers  and  Shipbuilders  in  Scotland. 

"  Concisely  and  clearly  written  .  .  .  cannot  but  prove  an  acquisition 
to  those  studying  Navigation." — Marine  Engineer. 

"  Young  Seamen  will  find  it  handy  and  useful,  simple  and  clear."— yAe 
Engineer. 

*«*For  comnlete  List  of  Griffin's  Nautical  Series,  see  v.  39. 
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GRIFFIN'S  NAUTICAL  SERIES. 

Second  Edition,  Revised  and  Extended.    In  Crown  8vo.    Price  48.  6d. 

THE  LEGAL  DUTIES  OF  SHIPMASTERS. 

By  benedict  WM.  GINSBURG,  M.A.,  LL.D.  (Cantab.), 

Of  the  Inner  Temple  and  Northern  Circuit ;  Barrister-at-Law. 
General  Contents.— The  Qualification  for  the  Position  of  Shipmaster— The  Con- 
tract with  the  Shipowner— The  Master's  Duty  in  respect  of  the  Crew :  Engagement ; 
Apprentices ;  Discipline  ;  Provisions,  Accommodation,  and  Medical  Comforts  ;  Payment 
of  wages  and  Discharge— The  Master's  Duty  in  respect  of  the  Passengers— The  Master'! 
Financial  Responsibilities— The  Master's  Duty  in  respect  of  the  Cargo— The  Master'* 
Duty  in  Case  of  Casualty— The  Master's  Duty  to  certain  Public  Authorities— The 
Master's  Duty  in  relation  to  Pilots,  Signals,  Flags,  and  Light  Dues— The  Master's  Duty 
upon  Arrival  at  the  Port  of  Discharge— Appendices  relative  to  certain  Legal  Matters : 
Board  of  Trade  Certificates,  Dietary  Scales,  Stowage  of  Grain  Cargoes,  Load  Line  Regula- 
tions, Life-saving  Appliances,  Carriage  of  Cattle  at  Sea,  &c.,  &c. — Copious  Index. 

"  No  intelligent  Master  should  fall  to  add  this  to  his  list  of  necessary  books.  A  few  lines 
of  it  may  save  a  lawykb's  fee,  besides  endless  ytobsx."— Liverpool  Journal  of  Commerce. 


FIRST  AID  AT  SEA. 

Thibd  Edition,  Revised.    With  Coloured  Plates  and  Numerous  lUnatra- 
tions,  and  comprising  the  latest  Regulations  Respecting  the  Carriage 
of  Medical  Stores  on  Board  Ship.    Price  63. 

A  MEDICAL  AND  SURGICAL  HELP 

FOR  SHIPMASTERS  AND  OFFICERS 
IN  THE  MERCHANT  NAVY. 

By    WM.     JOHNSON    SMITH,  F.RO.S., 

Principal  Medical  Officer,  Seamen's  Hospital,  Greenwich. 

%♦  The  attention  of  all  interested  in  our  Merchant  Navy  is  requested  to  this  exceedingly 
asefnl  and  valuable  work.  It  is  needless  to  say  that  it  is  the  outcome  of  many  year* 
PBAoncAL  EXPBEiENCE  amongst  Seamen. 

"Sound,  jcdiciodb,  really  helpful."— TAe  Lancet. 


Ninth  Edition.  Revised,  with  Chapters  on  Trim,  Buoyancy,  and  Calcvla- 
tions.  Numerous  Illustrations.  Handsome  Cloth,  Croiun  8vo.  Price  7s.  6d. 

KNOW  YOUR  OWN  SHIP. 

By  THOMAS  WALTON,  Naval  Architect. 

Specially  arranged  to  suit  the  requirements  of  Ships'  Officers,  Shipowners, 
Superintendents,  Draughtsmen,  Engineers,  and  Others. 
This  work  explains,  in  a  simple  manner,  such  important  subjects  as:— Displacement. — 
Deadweight.— Tonnage. — Freeboard.  —  Moments.  — Buoyancy.  — Strain.— Structure.— Stab- 
iUty.— Rolling.— BalUsting.  — Loading.  — Shifting  Cargoes.  —  Admission  of  "Water.— Sail 
Area  — &c. 

"The  little  book  will  be  found  excebdingiy  handy  by  most  officers  and  officials  connected 
with  shipping.  .  .  .  Mr.  Walton's  work  will  obtain  lasting  success,  because  of  its  unique 
fitness  for  those  for  whom  it  has  been  -wTitten."— Shipping  World. 


BY   THE   SAME  AUTHOR. 

STEEL  SHIPS:  Their  Construction  and  Maintenance, 

(See  page  38.) 
For  Complete  List  of  Griffin's  Nautical  Series,  see  p.  39. 


LONDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAMS. 


44  CHARLES  GRIFFIN  <Se  GO:S  PUBLICATIONS. 


Sixteenth  Edition,   Thoroughly  Revised.     Large  8vo,  Cloth, 
pp.  i-xxiv  +  712.      With  250  Illustrations,  reduced  from 
Working  Drawings,  and  8  Plates.    21s,  net. 

A  MAN  UAL  OP 

MARINE  ENGINEERING: 

COMPRISING  THE  DESIGNING,  CONSTRUCTION,  AND 
WORKING  OF  MARINE  MACHINERY. 

By  A.E.  SEATON,  M.I.C.E.,  M.I.Meeh.E.,  M.I.N.A. 

General  Contents.  —  Part  I. — Principles  of  Marine  Propulsion. 
Part  II.  —  Principles  of  Steam  Engineering.  Part  III.— Details  of 
Marine  Engines  :  Design  and  Calculations  for  Cylinders,  Pistons,  Valves, 
Expansion  Valves,  &c.  Part  IV. ~ Propellers.  Part  V.— Boilers. 
Part  VI. — Miscellaneous. 

"  1  he  Student,  Draughtsman,  and  Engineer  will  find  this  work  the  most  valxjablk 
Handbook  ol  Reference  on  the  Marine  Engine  now  in  existence." — Marine  Engineer. 


Ninth  Edition,  Thoroughly  Revised.    Pocket-Size,  Leather.    8s.  6d. 
A  POCKET-BOOK  OF 

MARINE  ENGINEERING  ROLES  AND  TABLES, 

FOR  THE  USE  OF 

Marine  Engineeps,  Naval  Arehiteets,  Designers,  Draughtsmen, 
Superintendents  and  Others. 

By  a.  E.  SEATON,  M.I.O.E.,  M.I.Meeh.E.,  M.I.N.A., 

AND 

H.  M.  ROUNTHWAITE,  M.I.Meeh.E.,  M.I.N.A. 

"  The  best  book  of  its  kind,  and  the  information  is  both  up-to-date  and  reliable."— 
Er^gineer. 

In  Large  Svo.    Handsome  Cloth.    Fully  Illustrated. 
THE     SCREW     I>  It  O  I»  E  ILi      E  R 

And  other  Competing  Instruments  for  Marine  Propulsion. 
By  a.   E.   SEATON,  M.Inst. C.E.,  M.LMech.E.,  M.LN.A, 


In  Pocket  Size.     With  368  Pages.     3s.  6d.  net. 
ENGLISH-SPANISH  and  SPANISH-ENGLISH. 
SEA    TERIYTS   AISTD  IPHRASES. 

By  Fleet- Paymaster  GRAHAM-HEWLETT. 

"Most  complete  .   .   .   useful  .   .   .   we  can  heartily  recommend  it."— Sieanjsftt?). 

In  Crown  Svo.    Handsome  Cloth.    Many  Diagrams.    2s.  6d.  net. 
DEFINITIONS  IN  NAVIGATION  AND  NAUTICAL  ASTRONOMY. 

By   p.    GROVES-SHO  WELL, 
Head  of  the  Navigation  Department,  L.C.C,  School,  Poplar. 
This  Volume  consists  of  Explanatory  Diagrams,  toqetlier  with  Description  of  all  Instruments 
nsed,  and  Tables  oj  Weights  and  Measures,  and  formula  jor  Determination  of  Areas  and  Volumes. 


IGNDON:  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRAND* 


ENOINEERIJSG  AND  MECHANIGS. 


45 


WORKS  BY  PROF.  ROBERT  H.  SMITH,  Assoc.M.I.C.E., 

M.I.Mech.E.,  M.I.E1.E.,  M.LMin.E.,  Whit.  Sch.,  M.Ord.Meiji.,  Em.  Prof,  of  Eng. 


Second  Edition,  Revised.    In  Crown  8«o,  extra,  with  Diagrams 
and  Folding- Plate.    7s.  6d.  net. 

THE    CALCULUS    FOR  ENGINEERS 
AND  PHYSICISTS, 

INTEGRATION  AND  DIFFERENTIATION, 

With  Applications  to  Technical  Problems; 

AND 

CLASSIFIED  REFERENCE  LIST  OP  INTEGRALS. 

By  PEOF.  ROBERT  H.  SMITH. 

"  Pbof.  R.  H.  Smith's  book  will  be  serriceaWe  in  rendering  a  hard  road  as  bast  as  pbactic- 
ABIB  for  the  non-mathematical  Student  and  Engineer." — Athenoeum. 

"  Interesting  diagrams,  with  practical  illustrations  of  actual  occurrence,  are  to  be  found  here 
in  abundance.  Thb  vbet  completb  classijied  bbfbkbnce  table  will  prove  very  useful  1b 
eavhig  the  time  of  those  who  want  an  integral  in  a  hurry."— TTie  Engineer. 


In  4tOy  Boards.     78.  6d. 

MEASUREMENT  CONVERSIONS 

(English  and  French) : 

43  GRAPHIC  TABLES  OR  DIAGRAMS,  ON  28  PLATES. 

Showing  at  a  glance  the  Mutual  Conversion  of  Measurements 
in  Different  Units 

O!  Lengths,  Areas,  Volumes,  Weights,  Stresses,  Densities,  Quantities 
of  Work,  Horse  Powers,  Temperatures,  &o, 

Fef  the  use  of  Engineers,  Surveyors,  Architects,  and  Contractors. 
*,^*  Prof.  Smith's  Conversion-Tables  form  the  most  miique  and  com- 
prehensive collection  ever  placed  before  the  profession.  By  their  use  much 
time  and  labour  will  be  saved,  and  the  chances  of  error  in  calculation 
diminished.  It  is  believed  that  henceforth  no  Engineer's  Office  will  be 
considered  complete  without  them. 


Thikd  Edition.    Pocket  Size,  Leather  Limp,  with  Gilt  Edges  and  Rounded  Corners, 
printed  on  Special   Thin  Paper,  with  Illustrations,  pp.  i-xii  +  834.   Price  18s.  net. 

(THE   NEW   "  NYSTROM  ") 

THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK 

A  Handbook  of  Tables,  Formulce  and  Methods  for  Engineers, 
Students  and  Draughtsmen. 

By  henry  HARRISON  SUPLEE,  B.Sc,  M.E. 

"  We  feel  sure  it  will  be  of  great  service  to  mechanical  engineers." — Engineering. 


LONDON :  CHARLES  GRIFFIN  &  CO.,  LIMITED,  EXETER  STREET,  STRANtt 


40 


CHARLES  QRIFFIN      CO.'S  PUBLICATIONS. 


Second  Edition.    In  Large  8vo.    Handsome  Cloth.  16s. 

CHEMISTRY   FOR  ENGINEERS. 

BY 

BERTRAM  BLOUNT,     and         A.  G.  BLOXAM, 

F.I.C,  F.C.8.,  A.I.C.E.  F.I.C.,  F.C.8. 

GENERAL  CONTENTS.— Introduction— Chemistry  of  the  Chief  Materials 
of  Construction— Sources  of  Energy— Chemistry  of  Steam-raising— Chemis- 
try of  Lubrication  and  Lubricants— Metallurgical  Processes  used  in  th« 
Winning  and  Manufacture  of  Metals. 
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Cliief  Chemical  Assistant,  West  Riding  of  Yorkshire  Rivers  Board. 
Contents.— Growth  of  River  Pollution.— Legal  Measures  taken  by  Central  and  Local 
Authorities.— Rise  and  Development  of  Methods  of  Sewage  Treatment.— Earlier  Views 
on  Methods  of  Treatment.— Characteristics  of  Sewage.— Objects  of  Purification  Works. 
—Methods  for  the  Removal  of  Suspended  Matters.— For  the  Removal  of  Putrescibility. — 
Disinfection.— Supervision  and  Inspection  of  Works.- Utility  and  Cost.— Index. 


■  Beautifully  Illustrated,  with  Numerous  Plates,  Diagrams,  and 
Figures  in  the  Text.    21s.  net, 

TRADES'  WASTE: 

ITS  TREATMENT  AND  UTILISATION. 
Handbook  fop  Borough  Engineers,  Surveyors,  Architects,  and  Analysts. 
By   W.    NAYLOR,   F.O.S.,   A.M. Inst. C.E., 

Chief  Inspector  of  Rivers,  Ribble  Joint  Committee. 
"There  is  probably  no  person  in  England  to-day  better  fitted  to  deal  rationally  with 
such  a  subject." — British  Sanitarian. 


In  Handsome  Cloth,    With  59  Illustrations.    6s.  net. 

SMOKE  ABATEMENT. 

A  Manual  for  the  Use  of  Manufacturers,  Inspectors,  Medical  Officers  of 
Health,  Engineers,  and  Others. 

By  WILLIAM  NICHOLSON, 

Chief  Smoke  Inspector  to  the  Sheffield  Corporation. 
"  We  welcome  such  an  adequate  statement  on  an  important  subject." — British 
Medical  Journal. 


Second  Edition.    In  Medium  8vo.    Thoroughly  Revised  and  Re-Written. 

15s.  net, 

CALCAREOUS  CEMENTS; 

THEIR  MATURE,  PREPARATION,  AND  USES. 

'VITi.'tli.   some   ResMEk.x>lx:s   -upoxn   Cexnen-t  Testing. 

By  GILBERT  R.  REDGRAVE.  Assoc.  Inst.  C.E., 

Assistant  Secretary  for  Technology,  Board  of  Education,  South  Kensington, 

And  CHARLES  SPACKMAN,  F.C.S. 

"We  can  thoroughly  recommend  it  as  a  first-class  investment."— Practical  Engineer. 


In  Handsome  Cloth.     5s.  net. 

A  HANDBOOK  FOR  CEMENT  WORKS'  CHEMISTS. 

By  frank  B.  GATEHOUSE,  F.C.S. 

General  Contents. — Introduction. — Chemicals  and  Apparatus. — Books. — Analysis  and 
Calculations  of  Raw  Materials. — Analysis  of  Fuel,  Kiln  Gases,  Lubricants  and  Water. — 
Cement  Analysis. — Gypsum,  Plaster,  &c.,  Burnt  Lime. — Appendicks. — Index. 
Will  be  of  great  use  in  Cement  Works." — Architect. 


LONDON :  CHARLES  GRIFFIN  &  P.n.,  LIMITED,  EXETER  STREET,  STRAND. 


48 


CHARLES  GRIFFIN  dt  GO.'S  PUBLICATIONS. 


ELECTRICAL  ENGINEERING. 

Second  Edition,  /Revised.    In  Large  Svo.    Handsome  Cloth.  Frojusely 
Illustrated  with  Plates,  Diagrams,  and  Figures.    24s.  net. 

CENTRAL  ELECTRICAL  STATIONS: 

Their  Design,  Organisation,  and  Management. 

By  CHAS.  H.  WORDINGHAM,  A.K.C,  M.Inst.C.E.,  M.Inst.Mech.E., 

Late  Memb.  of  Council  Inst.  E.  E.,  and  Electrical  Engineer  to  the  City  of  Manchester  ; 
Electrical  Engineer-in-Chief  to  the  Admiralty. 
"  One  of  the  most  valuable  contributions  to  Central  Station  literature  we  have  had 
for  some  lime."— Electricity. 


In  Large  Svo.    Handsome  Cloth.    Profusely  Illustrated.    I2s.  6d.  net. 

ELECTRICITY  CONTROL. 

A  Treatise  on  Eleetrie  Switehgeap  and  Systems  of  Eleetrie  Transmission. 

By    LEONARD  ANDREWS, 
Associate  Member  of  the  Institution  of  Civil  Engineers,  Member  of  the  Institution  of 

Electrical  Engineers,  &c 
General  Principles  of  Switchgear  Design.— Constructional  Details  — Circuit  Breakers  or 
Arc  Interrupting  Devices.— Automatically  Operated  Circuit  Breakers.— Alternating  Reverse 
Current  Devices.  —  Arrangement  of  'Bus  Bars,  and  Apparatus  for  Parallel  Running. — 
General  Arrangement  of  Controlling  Apparatus  for  High  Tension  Systems.  —  General 
Arrangement  of  Controlling  Apparatus  for  Low  Tensipn  Systems. — Examples  of  Complete 
Installations. — Long  Distance  Transmission  Schemes. 

"  Not  often  does  the  specialist  riave  presented  to  him  so  satisfactory  a  book  as  this.  .  .  . 
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